Studies With Silicon Heterocycles. by Wolcott, Joanne Moreau
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1975
Studies With Silicon Heterocycles.
Joanne Moreau Wolcott
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Wolcott, Joanne Moreau, "Studies With Silicon Heterocycles." (1975). LSU Historical Dissertations and Theses. 2859.
https://digitalcommons.lsu.edu/gradschool_disstheses/2859
INFORMATION TO USERS
This material was produced from n microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the qualify >f the original 
submitted.
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Pago(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large rou.:«Wack mark, it 
is an indication that the photographer suspected that the o«yy may have 
moved during oxposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the .material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large street and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again beginning below the first row and continuing on until 
complete.
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.
Xerox University Fiicrofilms
300 North Zoeb Road
Ann Arbor, Michigan 48106
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
WDLOOOT, Joanne Moreau, 1948*
STUDIES WITH SILICON HETEROCYCLES.
The Louisiana State University and Agricultural 
and Mechanical College, Ph.D., 1975 
Chemistry, organic
Xerox University Microfilms , Ann Arbor, Michigan 49106
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RhCSWED.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
STUDIES Him SILICON HETEROCYCLES
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the requirements 
for the degree of
Doctor of Philosophy
in
The Department of Chemistry
by
Joanne Moreau Wolcott 
B.S., Louisiana State University, 1970
August, 1975
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ACKN0WLEDGEMJMC3
This work has been accomplished under the direction of Professor 
Frank K. Gartledge, whose help and patience has meant very much to me.
I am most grateful for the knowledge and understanding of chemistry 
which he has imparted to me.
I would like to express my gratitude to my husband, Duane, who 
did the typing and drawings for this work, and to my parents who pro­
vided encouragement and financial assistance for my undergraduate 
education.
In addition, I would like to express my appreciation to Louisiana 
State University for the financial support rendered to me as a Research 
Assistant and to NSF for a research assistantship.
Finally, I would like to acknowledge the following contributions: 
Dr. Ben Ho and Gary McKinnie for Interested discussion, and technical 
assistance; Paula Moses and Ralph M. Seab for technical services; and 
the Charles E Coates Memorial Fund of the LSU Foundation (donated by 
Dr. George H. Coates), for financial provision in the production of 
this dissertation.
Joanne M. Wolcott 
August, 1975
ii




The Preparation and Reactions of Silalactones.......  1
Chapter 1. Introduction........   2
Chapter 2. Discussion  ...............   6
Experimental ....      i6
References for Section 1....     22
Section 2-
The Reactions and Isomerization of the 1,2-dimethyl- 
silacyclopentane Ring System.  ....    24
Chapter 1. Introduction. ...................  25
Chapter 2. Preparation and Reactions of Silacyclopentane
Derivatives
Discussion.......     31
Experimental.................    50
Chapter 3* Isomerizations of Silacyclopentane Derivatives
Discussion. ........    58
Experimental.......     71
References for Section 2........................  79
Appendix. The Kinetics of the Isomerization of E-l-Chloro-
1,2-dimethylsilacyclopentane ..........   81
ill
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF TABLES
TABLE PAGE
1-1 X-G/He-TCNE Charge Transfer Bands for
4
3-1 Activation Parameters for the Isomerization 
of Several Chlorosilanes by HMPT......... 62
3-2 Isomerization of 1,2-lHmethyl-l-fluoro- 
silacyclopentane by HMPT....... ........ 76
3-3 Isomerization of 1,2-Dimethyl-l-fluoro- silacyclopentane by DMF................ 77
3-4 Isomerization of 1,2-Dimethyl-l-fluoro- silacyclopentane by DMSO................ 77
3-5 Isomerization of 1,2-Mmethyl-l-fluoro- silacycloper.tane by Mothanol............ 77
3-6 Isomerization of 1,2-Dlmethylsilacyclo­
pentane by Cyanide Ion................. 76
A-l
Appendix
Isomerization of E-l-Qiloro-1,2-dim ethyl- 
silacyclopentane by 1 x 10“%  HMPT 
in CC1, at 45 C (Run l).».•<>••..a*....... 82
A-2 Isomerization of E-l-CW.oro-1,2-dinjethyl- 
silacyclopentane Tl%a) by 1 x 10“%  HMPT 
in CCl̂  at 45 C (Run 2)........... ..... 63
A-3 Isomerization of E-l-Qhloro-lf2-dimethyl-
silacyolopentane Tl5a) by 2.5 x 10“%  HMPT
in CC1. at 45 C......................4 65
A”4 Isomerization of E-l-Chloro-l»2-dimethyl-silacyclopentane T\5a) by 5 x 10“%  HMPT
in CC1. at 45% (fiSTl)................4 67
A-5 Isomerization of E-l-Chloro-1,2-dimethyl- silacyclopentane Tlfia) by 5 x 10“%  HMPT 
in CCl̂  at 45 C (Runs 2 and 3)...... . 66
A-6 Isomerization of E-l-Chloro-1,2-dimethyl- 
silacyclopentane TlSg) by 2 x 10“3m HMPT 
in CC1. at 45 C (Run l)................ 90
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE PAGE
A-7 Isomerization of E-l-Chloro-1 f2-dAmethyl-
silacyclopentane Tl5a) by 2 x 10% HMPT 
in CCl̂  at 45 C (Run 2).................   91
A-8 Isomerization of l-l-Chloro-l,2-dirnethyl~
silacyclopentane Tils) by 2 x 10"% HMPT 
in CCl̂  at 45 C (Run 3).................. 92
A-9 Isomerization of E-l-Cliloro-l,2-dimethyl-
Bilacyclopent-ane (ISg) by 2 x 10”%  HMPT 
in CCl̂  at 45 C (Rim 4)°......... *....... 93
A-10 Isomerization of E-l-Chloro-1,2-dimethyl-
silacyclopentane Tl̂ a) by 3 x 10”%  HMPT 
in CCl̂  at 45 C (Run l)....,.............   95
A-ll Isomerization of E~l-Chloro-lf2-dimethyl-
silacyclopentane Tl5a) by 3 x 10“%  HMPT 
in CCl̂  at 45 C (Run 2). ...........  96
A-12 Isomerization of E-l-Chloro-192-dimethyl-
silacyclopentane Tlffa) by 5 x 10“%  HMPT 
in CCl̂  at 45 C (Runs 1 and 2). ....  93
A-13 Rate Constants derived from Data in Tables
A-l through A-12........................ 100
A-13a Dependence of Isomerization of 15$ on HMPT
as derived from Graph of log kf/[HMPT] vs.
[HMPT].......      100
A-13b Values of k2 and k, as derived from Graph of
log kf/[HMPT] vs [HMPT]...................100
A-14 Isomerization of E-l-Ghloro--l,2-dbnethyl-
silacyblopentane TiSs) by 5 x 10”"% HMPT
in CC1, at 277^.................  1034
A-l 5 Isomerization of E-l-Chloro~l, 2«■d̂ Qthyl-
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ABSTRACT
Organosilicon heterocycles have played an important role in the 
development of organosilicon chemistry. Some of the areas aided by the 
study of organosilicon heterocycles include: studies relating to
polymers, bonding at silicon, and mechanisms of reactions at silicon.
In this work, organosilicon heterocycles are employed in the study of 
two separate areas of organosilicon chemistry; the study of silalactone 
chemistry and the study of the effect of ring strain on reactions at 
silicon.
In the study of silalactone chemistry, the preparation of 3- and 
4- carboxybenzyldimethylsilane is reported, along with conversion of 
the acids under pyrolytic and hydrolytic conditions to dimeric or 
polymeric silalactones and to silanols and disiloxanes. In some cases 
rather complex equilibria involving the various products can be dis­
placed to result in virtually exclusive formation of one product. Of 
particular interest is a novel macrocyclic lactone dimer in the meta 
series which can be obtained in good yield. A general method for the 
preparation of the silalactones is proposed, and the monomeric lactone 
from 2-carboxybenzyldimethylsilane is reported. Spectral properties of 
the products are reported and discussed.
In the study of the effect of ring strain on reactions at silicon, 
derivatives of 1,2-dimethylsilacyclopentane were prepared in order to 
investigate the role of ring strain in determining the stereochemical 
path of reactions. The silyl hydride, chloride, fluoride, bromide and 
jo-anisyl derivatives of 1,2-dimethylsilacyclopentane were prepared and 
their reaction stereochemistry was compared to that observed for the 
unstrained acyclic systems and the highly strained silacyclobutane
x
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system. Some of the rxucleophilic displacement reactions studied occurred 
with inversion of configuration at Si as was previously observed with the 
acyclic systems. Formation of isomerized product was, however, also noted 
in some cases in contrast to the acyclic systems previously studied. 
Mechanisms are proposed to account for the observed stereochemistries of 
the reactions studied.
The silacyclopentane system was also used to study further the 
mechanism of isomerization at silicon, catalyzed by polar aprotlc sol­
vents. A detailed study of the epimerization of l~chloro~l,2-dimothyl- 
silacyclopentane by hexamethylphosphoric triamide (HMPT) in CCl̂  is 
reported. The proposed mechanism for Isomerization involves two path­
ways that have a first and second order dependence on HMPT. The second 
order pathway involves formation of intermediates similar to the ones 
proposed for the acyclic and silacyclobutane isomerizations. The proposed 
mechanism for the first order pathway involves formation of a trigonal 
blpyramidal intermediate that undergoes pseudorotations to give isomer­
ization of the chlorosilane. The first order dependence on HMPT and the 
formation of isomerized product in the nncleophilic displacement reactions 
indicate that pseudorotations occur more readily in the silacyclopentane 
system than in the systems previously studied.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
SECTION! 1
The Preparation and Reactions of Silalactones
1
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Chapter 1
The study of organosilicon chemistry began in 1863 when Friedel 
and Crafts prepared tetraethylailane from diethylzinc and silicon tetra­
chloride. A great impetus was provided at the turn of the century when 
Kipping and others applied the newly discovered Grignard reagent to the 
synthesis of organosilicon compounds. World War II again stimulated
tremendous growth in organosilicon chemistry due to interest in the
1wide applications of silicon polymers. Although siloxane polymers are 
still commercially important todayf the interests of basic research are 
now more concerned with carbon-functional organosilicon compounds and the 
elucidation of mechanisms of reaction at silicon.
Early interest in the field of organosilicon chemistry centered on 
the similarities between silicon and carbon as suggested by their rela­
tive positions in the periodic table. Carbon and silicon, indeed, share 
many periodic properties as exemplified by the ability of both elements 
to form catenates and tetracoordinate species. However, early researchers 
were surprised to learn that most organosilicon compounds differ sig­
nificantly from their carbon analogs. In many cases, the differences in 
these systems are far more important than their similarities. In recent 
years, the emphasis has shifted to a study of the properties that differ­
entiate these systems.
Several factors tend to distinguish an organosilicon compound 
from its carbon analog. These features include differences in atomic 
radii, ionization energies, electronegativities, W  bonding, etc.
Although all of these factors merit study, the presence of the silicon 
d-orbitals has been most often invoked to explain the differences ob­
served.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1-3
In contrast to carbon, silicon can utilize its 3d orbitals to 
form pentacoordinate and hexacoordinate species* Several examples of
extracoordinate silicon species have long been known. One of the first




Figure 1-1 Figure 1-2
X-ray diffraction studies of its salts have revealed its octahedral
geometry* Pentacoordinate species are also known such as the triptych-
siloxazolidines (Figure 1-2) and the anions of bis(o-phoaylenedloxy)
organosiliconic acid (Figure 1 - 3 ) Although all of the extracoordinate
species that are known contain several electronegative substituents,
extracoordinate species with more alkyl substituents have been postulated
5 6as intermediates in several reaction schemes. *
Silicon can also utilize its 3d orbitals to form p-d and d-d 7F 
bonds. Interactions of the d-d'fy type are proposed to be important in 
Si-Si bonded systems and the esr spectrum of the radical anion of
7dodecamethylcyclohexasilane and the UV spectra of a series of pennethyl- 
8polysilanes have been cited as evidence.
Much interest has been recently expressed in the ability of Si 
to form p-d TT bonds. Although there is ample evidence that Si is an
9electron acceptor from attached IT systems, there is considerable con­
troversy as to the importance of p-d ‘TV interactions.
A silicon atom can also interact with a functional group in the 
g position. Charge transfer spectra of XĈ Ĥ -TCNE complexes have been 
cited as evidence for a mesomeric rather than inductive effect in these
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Interactions* H* Bock and others10 have shown that the charge
transfer band for a Si /S to a phenyl ring is lower in energy than that 
of the carbon analog-(Table l~l). Also the values for (CĤ )̂ Si-Ô Ĥ  
and (CH^SiCHg-’Ĉ Hij (Table l-l) should be reversed if an inductive 
effect is operative. More evidence for a mesomeric effect was advanced
fer band energy is reduced when Si is constrained in a ring.
indicate, however, that strongly electron withdrawing substituents on 
benzene might lead to more significant results.
In this study, 3-carboxybanzyldimethylsilane was chosen to 
investigate the interactions between an aromatic ring and a silicon 
atom #  to the ring, since a 1,3 interaction involving a Si d-orbital
by Pitt and coworkers11 who found that the lowering of the charge trans-
TABLF. 1-1











Attempts to show (3 -interactions using the correlations of
29 13' Si-H and C-H coupling constants with Hammett CT constants for a 
series of substituted toluenes have met with little success.11 Trends
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
would give hindered rotation about the ring-to-benzyl carbon bond.
Two types of interactions are possible in the 3-carboxybenzyl-
dimethylsilane systems l) a 1-3 p-d bonding in which electron density
13is donated from the phenyl ring to an empty d-orbital on Si , and 
2) a hyperconjugative interaction involving a C~Si O* bond1̂ 15.
Either type of interaction could give rise to hindered rotation about 
the ring-to-benzyl carbon bond. This restriction to rotation of the 
side chain could in principle be observed by variable-temperature NMR, 
since the methylene protons or the methyl groups on silicon would 
become dlastereotopic and potentially distinguishable when an ortho or 
meta substituent is present. The carboxy group seemed suitable because 
of the relatively large effects of carbonyl groups on chemical shifts 
of nearby protons. The meta isomer was chosen so that there would be 
no steric interactions between the carboxy and silylmethyl groups.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter 2,
The preparation of (3̂ arboxybenzyl)dim0thylsilane, ̂  was not 
as easy as had been anticipated* All attempts to prepare ̂  by using 
standard Grignard preparations (Equation 2-1) were unsuccessful* 
Although there is ample precedent for the generation of a C-Mg bond in
conditions to generate Grignarda from aryl chlorides* Indeedf the only 
method that resulted in the formation of the Grignard reagent from
activation of the Mg with dlbromoethane, high chloride concentrations 
and prolonged heating of the reaction mixture. No reaction occurred 
when Mg .turnings were substituted for powdered Mg* This procedure gave ; 
a fairly high yield of acid,^ (80-90$) in the crude reaction mixture, 
indicating no apparent difficulties from involvement of the Si-H bond* 
However, decomposition of ̂ during the vacuum distillation resulted in 
a lower yield of the pure compound*
During the distillation of the first time it was prepared, 
relatively high pot temperatures (>200°C) were reached and partial 
solidification of the pot mixture occurred* On further investigation 
into the nature of the solid, which showed spectroscopically the ab­
sence of a Si-H linkage, we were able to determine that heating acid 
_Jn with base results in formation of a novel silalactone dimer, ̂
*4»4»13,13-tetramethyl-3,12-dioxa-4» 13-disilatricyclo[ 13 *3 • 1 • 1̂  * ̂ 3 




the presence of a Si-H bond 16-18 it is usually necessary to use forcing
19m-chloz’obenzyldlmethylsilane involved the use of powdered Mg, prior
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
7
Several silalactones with silyl ester linkages and one example of a
20 21dimer have been reported In the literature. However, none have
been prepared in this manner. Disllalactone, is unique in several 
respects. It is the largest dimer reported in the literature, it reacts 
differently than previously reported silalactones, and it is the only 
silalactone that contains phenyl groups in the heterocyclic ring. Due 
to the novelty of this system, we decided that it merited further study.
In the absence of base, the conversion of acid, Ĵ , to dlsilalactone, 
J2, proceeded very slowly at 180°. Under these conditions, approximately 
10$ of ̂1 had been converted to 2̂ after heating for 4 hr. Upon addition 
of methanollc KOH, complete conversion of the acid was achieved after 
heating at 180° for 2 hr.
CHSlMeO? CHSiMeg\r-0
KOH-MaOH „ J s f© L h ** ©  + O,
2 gOSiMOgCl^ COLH2
1 2 3 
V*.
The product mixture contained 78# of 2̂ and 22$ of (3-carboxy-
benzyl)dimethyldisiloxane, 3» The silalactone dimer could be readily
purified by subliming it directly from the latter reaction mixture at
170° (0.5 mm)• A white crystalline solid was obtained which became a
viscous oil when exposed to atmospheric moisture.
The structure of 2̂ was elucidated using a combination of analytical
techniques. The parent peak was observed at 385 m/e in the mass spectrum
—1and an infrared spectrum gave the carbonyl stretch at 1700 cm and the 
Si-0 bands at 1080 and 1110 cm"*1. Disappearance of the Si-H signal in 
the IR and NMR was the major clue, however the NMR spectrum had other
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
notable features (see Figure 2-1). As is well known, aromatic protons 
ortho to a carbonyl function are shifted downfield. Dimer J2f however, 
showed a resonance even further downfield in the aromatic region (8 8.4) 
which we assigned to the aromatic proton contained in the heterocyclic 
ring. Models indicated that this proton could come quite near the 
aromatic nucleus across the ring, thus being further deshielded. The 
chemical shift of the Si-Me protons was also interesting. At 8 0.4 
they are substantially further downfield than the Si-Me protons of 
dislloxane 3 (8 O.l) or silanol 4 (S0.2), which also have Si attached 
to oxygen.
When the reaction mixture from Equation 2-2 was dissolved in hot 
CCl̂  and exposed to moisture,̂ 3, the dislloxane, crystallized out of 
the solution (Equation 2-3).
This reaction was not surprising since disiloxanes have been observed to
et al., also observed that a dislloxane was converted to a silalactone 
on heating. Indeed, heating compound at 190° for 1 hr. gave 20$ of the 
disllalactone with 80$ of 3 unconverted. Further heating caused no
appreciable change in the composition of the product mixture. Since 
other workers reported that silalactones could be converted to disiloxanes 
by moisture alone, the sublimed disllalactone was dissolved in hot CCl̂  
and exposed to moisture in the absence of any base. Instead of the




form from silalactones upon the addition of moisture. * Mironov,
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expected dislloxane, (3-carboxybeneyl)dlraethylsilanol, 4, was obtained 
(Equation 2-4)• The formation of a sllanol from a silalactone has not
CĤ iMe2OC CCI4 f H2S,MeSpH
V  (»4'C°S.M.2CH2 ~  ^COH
o &
previously been reported, and we are somewhat surprised at the reluctance 
of 4 to yield dislloxane in protic media. Sllanol, 4» did react in the<W*
usual manner with base to give dislloxane, 3» However, heating the
sllanol in the absence of base gives disllalactone, 2, and dislloxane,w  w
3, in approximately equal quantities. The interconversions involving 
all of the species mentioned so far are summarized in Scheme 2-5. The 
system is, so far as we are aware, unique in allowing the formation of 
all of these related compounds under conditions where any one can bo 
obtained as the almost exclusive product by appropriate minor adjust- 
ment of the reaction conditions.
Determination of the temperature dependence of the NMR spectrum 
of hydrosilyl acid, 1, was one of the goals of this research. However, 
at temperatures as low as -80°G in acetone-d̂ , no splitting of either 
benzylic or Si-Me signals could be observed. This observation is, of 
course, no direct proof against the existence of a hyperconjugative or 
other interaction. Evidence of an interaction in this system simply 
could not be seen by using this technique due to peak broadening caused 
by freezing of the sample. An interaction could possibly be seen if a 
more dilute sample could be used and lower temperatures could be reached.










CH„SiMe.OSiMe„CHI r " ,v2 2V 2
H20 , 160
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The literature with respect to preparation ofCtf-silalactoneB is
i ivery sparse and the proceeding work gives promise of affording a general 
method for their preparation from readily available starting materials. 
The generation of sllanol and carboxylic acid functions together should 
give formation of silalactone if the ring size is appropriate. In order 
to tost the generality of this synthesis and because of the continuing 
interest in the spectroscopic properties of the hydrosilyl acids, the 
work was extended to the corresponding ortho and para derivatives.
O-carboxybenzyldimethylsilane could be expected to be a precursor 
for a six-membered ring silalactone or conceivably a twelve-membered 
dimer which could be compared with The Qrignard reagent of (2-chloro- 
benzyl)dimethylsilane, 5, was prepared using the method developed for/W*
compound 1. The usual carbonation and workup with mild acid hydrolysis
>VW
gave a crude reaction mixture which apparently, from its NMR spectrum, 
contained none of the expected o-hydrosilyl acid. Careful fractional 
distillation afforded the components of the mixture shown in Scheme 2-6..
CH2SiMe2H CHjjSiM ^H f H2 % 2
^ ci g y v  + 0 f  +
(5m (zm




cooh r ^ r C00H +
(13.#) (13.#)
A  1
The silalactone, 7, was obtained (in impure form) on distillation of
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the reaction mixture which had been subjected to hydrolysis in the pre­
sence of mild acid. Such conditions are normally not sufficient to 
result in Si-H hydrolysis, so we presume that lactone was formed immedi­
ately on carbonation, with carboxylate anion displacing hydride. Simple 
propinquity plus the resonable stability of the *silalactone apparently 
afford sufficient driving force to make the displacement proceed.
Pure disiloxane,JJ> was obtained only after distilation fractions 
were extracted with mild base. The yield quoted was derived from NMR 
spectra of the first distilation products. It is possible that somej^ 
may have been formed on hydrolysis of 7* Indeed, in a separate experiment, 
silalactone,7, in CGI, was treated with alcoholic KOH to reach an equlli-iW* A*
brium mixture of J^andJ^ln a 5*3 ratio, respectively. Exposing compound 
J7, to moisture gave an equilibrium mixture of 7̂ and a compound that could 
not be isolated in pure form but was tentatively identified as (2-carboxy- 
benzyl)dimenthylsilanol,̂ 10(Scheme 2-7) . The reactions of were consis­
tent with those observed for the silalactone dimer,however, in con­
trast to the behavior of 2, 7 reacted more slowly and formed equilibrium/VW <vW
CH SInM®2 CHgSIMeAo
c?  ,<An-cooh
t ^ m = Q J  )t
J  A
X" CHgSi MfljPH . (2-7)
0 r COOH
mixtures that contained appreciable quantities of itself. The greater 
stability of 7 is probably due to the favorable six-membered ring geome- 
try, while the macrocycle, 2, is more like a normal silyl ester.
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The main product In Seherae 2-6 was a considerable surprise*. The 
disilyi derivative, jS, was easily isolated by distillation and identified 
as the same compound previously prepared̂ * by a standard procedure. The 
disilyi compound was apparently formed Mien one molecule of Grlgnard 
attached the Si atom of another molecule of starting material, displacing 
the benzyl anion (Equation 2-8) • Cleavage of a benzyl group from Si by
25a Grignard reagent has in fact been previously observed. In agreement 
with reaction (2-G), o-chlorophenylacetlc acid, the carbonation product 
from the benzyl fragment, was also Isolated. The observation of benzyl 
anion displacement with the ortho Grlgnard reagent, but not with the meta 
reagent, might be attributed to some kind of electronic effect. However, 
this seems unlikely, particularly since it is also not observed with the 
para reagent (vide infra) • Perhaps Grignard and starting chloride complex 
with one another but only in the case of the ortho derivative is there a 
reasonable sberlc disposition for nucleophillc attack on Si.
The Grignard reagent of ̂ -chlorobemzyldiroethylsilane was prepared 
and carbonated to obtain a good yield of the expected para hydrosilyl 
acid, 11. This acid could not be anticipated to be the precursor for aAf\f*\
monomeric eilalactone, and models of the lactone dimer seam significantly 
strained* Whan the acid was heated in the presence of alcoholic KOH, a 
complex product mixture was formed. However, the most prominent Si-41 e 
peak in the JS4R spectrum of the mixture was a singlet at 8 0.4 ppm which 
we tentatively ascribed to a polymeric silyl ester. Also in agreement 
with this assignment is the observation that the peak eventually dis­
appears on exposure to moisture. When the acid is heated without base,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
15
only two main products are formed, which we tentatively identify as polymer 
and disiloxane (Equation 2-9) •
CHgSiMftgH CHSI M id ­
dle. KOH or,
P̂ 2Si MV2 ° 0
O  + (08^ C H 2S,M.?)r
COOH ^  TOOH (2-9)
ii a  &
The MR spectra of the compounds described were quite simple, a 
fact that made it possible to follow spectrally some of the complex 
hydrolysis equilibria encountered. Silanol, ̂10, disiloxane, J2, arid 
polymer, 13, were tentatively identified from their NMR spectra. TheAAA/*
mass spectra of silanol., lQr and disiloxane, J|, were essentially identical 
with that of lactone, 7, indicating quite facile dehydration, perhapsiWA
occurring thermally, prior to ionization. Disiloxane, 12, also showedW W
the fragment at m/e 192, 02CĈ Ĥ GH2SiMe2, and this peak grew as inlet 
temperature was raised, again indicating the possibility of pyrolysis.
The silalactone synthesis reported in the proceeding study seems 
to be general for the type of system studied assuming that the silalactone 
formed will’ distill or wMlse'fre®^he rm&tim mixture/ further study 
is needed, however, before the synthesis can be extended to aliphatic 
systems. The reactions of the sllalactones studied were similar in many 
ways to those reported in the literature? however, differences were noted. 
The sllalactones reacted with moisture to give silanols rather than the 
previously reported disiloxane.̂ . This difference was probably due to the 
presence of the aromatic ring since the other systems studied were ali­
phatic in nature.
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Experimental Section 
for m  Chapters
Unless otherwise stated, all Grignard and lithium reagents were
prepared in three-neck round-bottom flasks equipped with a reflux con-
*
denser, a magnetic stirrer, and an addition funnel. The glassware was 
oven dried, assembled hot, and flushed with nitrogen prior to conducting 
the reaction under a nitrogen atmosphere. Tetrahydrofuran (THF) was 
dried by distilling from calcium hydride and then shaking with Linde 
5A molecular sieves. Hexamethylphosphoric triamide (HMPT) and dimethyl- 
formaraide (DMF) were dried by distilling from calcium hydride. Carbon 
tetrachloride and chloroform were dried by shaking with Linde AA mole­
cular sieves. The low temperature NMR study and spectra of some of the 
major products were run on the Varian HA-100 NMR Spectrometer. Routine 
NMR spectra were recorded using a Varian A6QA spectrometer and unless 
otherwise specified the chemical shifts reported are relative to internal 
1MS. In some cases benzene or CĤ Cl̂  were used as internal standards 
instead of IMS. The standard if different from MS is noted in paren­
theses after the solvent. A Varian V-4343 Variable Temperature Controller 
was used to control the sample temperature.
Infrared spectra were obtained using a PerldLn-Elmer 137 Infracord 
spectrophotometer. Mass Spectra were recorded on a Hitachi-Perkin-filinar 
RMS-4 Mass Spectrometer operating at 70 eV ionization potential and 
data are reported as m/e (relative intensity). A Perkln-Elmer Model 900 
Gas Chromatograph equipped with a flame ionization detector was used for 
routine gas-liquid partition chromatography (glpc). GLPC- Mass Spectra 
were obtained on a Perkin-Elmer 990 Gas Chromatograph interfaced through 
a Biemann-Watson separator to a Hitachi-Perkin-Elmer RMS-4 Mass Spectro­
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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meter* The spinning band dietillations were done on a Nester-Paust Auto 
Annular Still*
Preparation of (3-carboxvbenzyl) dimeth.vl8ilane( l),
Magnesium powder (0.16 mole, 3*9 g) and 50 ml of dry THF were 
placed in a round-bottom flasks The magnesium was activated by the 
addition of 1 ml dlbromoethane and r: fluxing for 15 min* (3-Shlorobenzyl) 
dimethylsilane (0*11 mole, 20*4 g) was added dropvrise while refluxlng 
the reaction mixture* An additional 25 ml of dry THF was added to the 
reaction vessel about 4 hr. later. After refluxing for 24 hr., the 
Grignard reagent was poured into a slurry of dry ice in 50 ml THF, and 
stirred with a mechanical stirrer until the dry ice had sublimed. The 
organic layer was then hydrolyzed with dilute HC1, separated, and washed 
with Ĥ O. The solvent was removed using a rotary evaporator. Dry ether 
(25 ml) was added to the remaining material and this solution was dried 
over anhydrous MgSÔ  for several hours. The solvent was removed and 
the remaining material was vacuum distilled to yield 9*55 g (31$) of lt
bp 109-110° (0.3 nan). NMR (CCî )s 8 0.05 (df 6h), 2.15 (d, J*
3Hz, 2H), 3*9 (broadened septet, 1H), 7®2-7.8 (m, 4H), 11.7 (s,lH).
IR (neat): 3000, 2600, 2100, 1675, 1600, 1400, 1260, 1240, 1200, 1150, 
1060, 900, 850, 820, 780, 760, 750, and 680 cm”1. Anal, calcd. for
C10H14Si02* 6l,8l» H* 7#26* C, 61.81} H, 7.38.
Preparation of silalactone d im e r(2).
(3-Carboxybenzyl)dimethylsilane (0.0078 mole, 1.52 g) and 0.6 ml 
of o.46m KOH in anhydrous methanol were placed in a round-bottom flask 
and heated at 170° for 2 hours under a nitrogen atmosphere. An NMR 
spectrum indicated that approximately 78$ of the acid had been converted 
to the disilalactone. The disilalactone was than sublimed from the
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product mixture at 170° (0.5 mm) to yield 1.00 g (6756) of 2, mp 152-155? 
NMR (CDC13)i 8 0.4 (s, 6H&, 2.4 (e, 2H), 7.2-7.5 (m, 1H), 7.7-S.O (s, 
1H), 8.4 (s, 1H). IR (Nujol)* 1*00, 1280, 1240, 1210, 1110, 1080, 930, 
920, 840, 815, 790, 775, 755, and 690 era’*1. Analysis ««sl<ralat®d for 
a20Ĥ Si2°4I C» H, 6.29. Found* C, 62.30; H, 6.37. Mass Spec­
trum* 384(30), 192(18), 179(13), 165(14), 149(18), 119(16), 118(70), 
90(100), and 89(25).
Preparation of (3-carboxybenzyl)dimethylsilanol(4)
The purified silalactone dimer obtained in the previous procedure
was dissolved in hot GC1, and left open to atmospheric moisture. After4
2 days, the silanol, a white fluffy solid, precipitated from the solution. 
An NMR spectrum showed that greater than 95$ of the disilactone had been 
converted to the silanol. The silanol was recrystallized from hot CHCl̂  
to give 0.6 g (50$) of it, mp 115-117°. NMR (CDC13)* 8 0.2 (s,6H), 2.J 
(s, 2H), 6.8 (s, 2H), 7.2-7.4 (m» 2H), 7.7-7*9 (ra, 2H). IR (Nujol)*
3300, 2800, 2700, 1650, 1600, 1350, 1150, 1125, 1060, 1050,. 900-750, 
and 680 cm”1. Analysis calculated for C^^SiO^ C, 57*11, H, 6.71. 
Found; C, 56.96, H, 6.80.
Preparation of (3-carboxybenzyl)dlmethyldisiloxana(3)
(3-Carboxybenzyl)dimethylsilane (1.27 g, O.OO67 mole) and 0.4 nil 
of 0.46M KOH in anhydrous methanol were placed in a round-bottom flask.
The mixture was heated at 166° for 3 hr. The product mixture was then 
dissolved in hot CCl̂  and left open to moisture. After 2 days, the 
disiloxane, a white crystalline solid, precipitated from the solution.
An NMR indicated that greater than 95$ of the disilalactone had been 
converted to the disiloxane. After recrystallization from hot CCl̂ ,
0.70 g (54$) of pure disiloxane, mp 143-145°, were collected.
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M4R (CDC13)* 8 0.1 (a, 6H), 2*2 (s, 2H), 7.2-7.4 (m, 2H), 7.7-7.9 (m, 
2H), 10.2 (s, 1H). IR (Nujol): 2800f 2600, 1650, 1575, 1400, 1260,
1240, 1200, 1150, 1060, 950, 900, 840-780, 750 and 685 cm**1. Analysis- 
calculated for Ĝ Hĝ SigO*.: C, 59*67$ H» 6.51. Found: C, 59*22$
H, 6.53.
Preparation of (2~chlorobenzyl)dimethylsilane(5)
Magnesium turnings (0.68 moles, 16*5 g) and 400 ml of dry ether 
were placed in a round-bottom flask. The magnesium was activated by 
the addition of 1 ml dibromoethane and stirring for 15 min. A mixture 
of 2-chlorobenzyl chloride (0.62 mole, 98.5 g) and 400 ml dry ether 
was added dropwise. After all of the mixture had been added, the sol­
ution was refluxed for 1 hr. The Grignard reagent was than added drop- 
wise to a mixture of dimethylchloroailane (0.62 mole, 60.2 g) and 200 
ml dry ether. After the addition was completed, the solution was re- 
fluxed for 2 hr. The solution was then hydrolyzed with dilute HC1, 
separated, and washed with HgO. The organic layer was dried over 
anhydrous MgSÔ , and then the ether was ramoved using a rotary evap­
orator. The remaining material was vacuum distilled to yield 67.6 g 
(5$) of j>, bp 59°(2 ram). NMR (CCl̂ ): §0.0, (d, J«4Hz, 6h), 2.25 (d, 
J»3Hz, 2H), 3.95 (broadened septet, 1H), 6.8-7*3 (m, AH). IR (neat): 
3000, 2130, 1470, 1440, 1250, 1220, 1160, 1050, 1030, 900, 840, 785,
770, 750, and 700 cm”1. Analysis calculated for C^H^SiCl: C, 58.51;
H, 7.09; Si, 15.20. Found: C, 58.27; H, 7.12; Si, 15.15.
Preparation of oC.o-bis( dlmethylsllyl)toluene( 6)
The preparation was accomplished by using the procedure outlined 
in the preparation of (3-carboxybenzyl)dimethylsilane. The product was 
vacuum distilled to yield 7 <>46 g (65$) of 6, bp 57° (0.3 mm). NMR(CCl̂ ):
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S 0.0, (d, J»4Hz, 6H), 0.25, (d, J«4H», 6H)y 2.25, (d, J-3Hz, 2H),
3*95, (broadened septet, 1H), 4.55, (septet, J«3Hz, 1H), 6.8-7.4, (m, 
4H). IR (neat): 3000, 2150, 1600, 1460, 1450, 1260, 1200, 1150, 1120,
900, 840, 790 , 750, 715, and 680 cm™1. Analysis calculated for 
Cn H2()Si2: C, 63.3®? H, 9.67? Si, 26.95. Found: C, 63.43? H, 9.61?
si, 27.04.
The residue from the vacuum distillation was further distilled at 
85-105° (0.3 mm) and three fractions were collected. The fraction 
collected at 85-95° was dissolved in ether and washed twice with 5$ 
NaHCÔ . The ether layer was dried over anhydrous MgSÔ  and the ether 
was evaporated. The residue was vacuum distilled at 91° (0*3 mm) to 
yield pure lactone, 2* NMR (CDCl3)r 8 0.4, (a, 6h), 2.31, (s, 2H),
7.1-7.5, (m, 3H), 8.0-8.4, (m, 1H). Mass Spectrum: 192(25), 133(74),
118(67), 90(100), 89(68), 63(20)o Analysis; calculated for Ĉ QĤ SiOgj 
C, 62.45? H, 6.29. Founds C, 62.65? H, 6.14.
The fraction collected at 100-105° was dissolved in ether and 
washed twice with 9# NaHGÔ  solution. The aqueous layer was acidified 
and washed with ether. The ether was removed and the residue was recry­
stallized from an ethanol-H20 solution and a white powder precipitated 
that was identified as disiloxane, 8, rap 87-39°• NMR (CDCl̂ ): 8 0.0,
(a, 6H), 2.8, (s, 2H), 7.0-8.2, (m, 4H), 9.5, (s,1H). Analysis 
calculated for C2(̂H26Si205* C, 59.67? H, 6.51. Found: C, 59-92? H, 
6.75.
The filtrate from the previous crystallization was washed with 
ether. The ether solution was concentrated and petroleum ether was 
added until the solution became cloudy. A white crystalline precipitate 
was collected and identified as (o~chlorophenyl)acetic acid, £, mp 94-96?
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NMR (CDC13)« S 3.85, (a, 2H), 7.2-7.5, (m, 4H), 11.4, (a, 1H). Has® 
Spectrum: 172(18), 170(51), 135(69), 127(35), 125(100), 9l(6l), 90(22),
89(31).
Preparation of (4-sarboxybenzyl) dlmethylsilane( ll)
The preparation was accomplished using the procedure outlined In 
the preparation of JL. The product was obtained by dissolving the reaction 
mixture in diethyl ether, adding petroleum ether until the solution be­
came cloudy. The product precipitated as a white, fluffy solid to yield 
16.49 g (78/0» mp 121-124°. NMR (CPOl^s 8 0.05,(d, J-AHz, 6H), 2.3,
(d, J-3Hz, 2H), 3.9, (broadened septet, 1H), 7.1-7.4, (m, 2H), 7-9-8.2,
(m, 2H), 12.1, (s, 1H). IR (Nujol): 3000, 2100, 1700, 1630, 1430,
1310, 1290, 1250, 1220, 1190, 1080, 950, 900, 870, 840, and 750 cm"1. 
Analysis calculated for Cĵ JMĵ SlOgi C, 6l,6l? H, 7*26. Found: C,
61.71? H, 7.12.
Preparation of (4-carboxybenzyl) dlmothyldiglloxane( 12)
(4-Oarboxybenzyl)dimethylsilane (O.87 g, 0.0046 mole) and 0.4 ml 
of 0.46M KOH in anhydrous methanol were placed in a round-bottom flask.
The mixture was heated at 150° for 1 hour. An MR of the mixture in­
dicated that about 50$ of the acid had reacted. The reaction mixture 
was dissolved in ether and exposed to moisture for a few days. Petroleum 
ether was added to the ether solution until the solution became cloudy.
A powdery precipitate was collected. The filtrate was concentrated and 
the disiloxane precipitated from solution yielding 0.1 g (10$) of pure 
product, mp 108-110°, after several recrystallizations. NMR (d̂ -acetone)
8 0.0, (s, 6H), 2.0, (s, 2H), 6.1, (s, 1H), 7.0-7.2, (m, 2H), 7.7-8.0,
(m, 2H). Analysis calculated for CggHĝ Sî Ô : C, 59*67? H, 6.51.
Found: C, 59-63? H» 6.72.
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SECTION 2
The Reactions and Isomerizatione of the
1,2-Dimethyl silacyclopentane Ring System
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Chapter 1
Until fairly recently there was a complete lack of information 
concerning the stereochemistry of substitution reactions at asymmetric 
silicon atoms. The lack of research in this area was due to the dif­
ficulties involved in the preparation and isolation of asymmetric 
silicon species. Unlike carbon, optically active organosilicon species 
are not found in nature and, thus, are not directly available from
natural sources. In the early 1900's, F.S. Kipping succeeded in making
1optically active organosilicon compounds • These compounds were, how­
ever, tedious to prepare and the optical rotations were so feeble that 
stereochemical studies were impossible.
The first optically active organosilicon compound with active
functional substituents was prepared by Sommer and Frye In 1958. 
Subsequent studies of their oC-napthylphenylmethylsilanes demonstrated 
that reactions at Si are highly stereospecific. Since this original 
work proved so promising, stereochemical studies have become increasingly 
important in mechanistic Investigations of organosilicon reactions.
Sommer originally defined two classes of mechanisms for nucleo-
3philic displacement at Si which were the Ŝ 2~Si and SjjL-Si mechanisms.
The Ŝ 2-S1 mechanism (Figure l-l) is similar to the Ŝ 2 mechanism at
carbon. The entering and leaving groups occupy the axial positions in 
a trigonal bipyramid and the reaction proceeds with inversion of config­
uration. However, in contrast to carbon chemistry, it is possible to
2
I Y Si— X
Figure l-l.Sjj2-Si Transition State
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have five full bonds to Si in the intermediate. Stable pentacoordinatc 
Si species are known, and five coordinate intermediates have been
In the Sjji-Si mechanism, the entering group provides electrophilic 
assistance in the rupture of the Si~X bond (Figure 1-2) and the reaction 
proceeds with retention of configuration at Si.
the stereochemistry of nucleophilie substitution at silicon. A good 
leaving group would be displaced by the Ŝ 2~Si mechanism and a poor 
leaving group would be displaced by the Ŝ 1«S1 mechanism. Later studies 
showed that many factors are important in determining the stereochemistry
of substitution. These factors include the nature of the organic groups
7,8 9on Si , the nature of the attacking group , and the nature of the
Usolvent , in addition to the nature of the leaving group.
Silicon heterocycles have been useful in studying the effect of the 
organic groups attached to Si on the stereochemical path of reactions 
at Si. Several years ago, Sommer reported the preparation of 1-chloro-
l-silabieyclo-[2.2.l]-heptane*̂ . He found that this compound was
highly reactive toward both hydrolysis and reduction by LiAlĤ , in con­
trast to the relative inertness of the analogous carbon compound. Later
U 5demonstrated in several studies ,
or
y  M
Figure 1-2,Ŝ i-Si Transition State
3.6Sommer originally proposed the "leaving group rule" to explain
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comparisons of the bicycloheptane system showed the general trend In
Ureactivity illustrated below • The silicon atoms in both the tetra-
Ci
silaadamantane system and the bicycloheptane system are unable to un­
dergo backside displacement due to the constraints imposed by the rings. 
The major difference in these systems lies in the degree of angle strain 
at Si.
The importance of angle strain at Si in determining the stereo­
chemical,̂  path of a reaction has been recently demonstrated in other 
strained systems. Both retention and inversion are possible in the
7l-phenyl-l-silaacenaphthene ring system Investigated by Roark and Sonaner ,
however, all of the substitution reactions observed went by retention
of configuration at Si. The stereochemistry of several reactions in
the 1,2~dimethylsilaeyclobutane ring system have also been investigated!
8,12and all of them proceeded stereospeeifically with retention •
The observation of retention reactions at Si is not unique for 
systems with angle strain. As explained earlier, it often occurs with 
poor leaving groups. In angle strained systems, however, retention also 
occurs when there is a good leaving group.
The influence of angle strain on stereochemistry has been ration­
alized as being due to the fact that the angle strain would increase 
if the substituents on Si occupied their normal equatorial positions in
the S 2-Si transition state- proposed for inversion mechanismŝ *11, n
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Similar effects of angle strain have been observed in phosphorus 
chemistry* In a recent summary of displacement mechanisms involving
four-coordinate phosphorus, Koizumi and Haako compared rates of sub­
stitution on strained cyclic phosphln&tes (ligXP-nO) with unstrained 
acyclic analogs. Ring strain may result in either acceleration or 
retardation of the rate of displacement. Rate acceleration was ration­
alized in terms of rapid formation of a pentacoordinate intermediate 
due to the availability of a 90° C-P-C bond angle. The intermediate 
would have a long enough lifetime for pseudorotations (in this case the 
exchange of axial and equatorial positons in a trigonal bipyramid) to 
occur. Retardation of the rate wold occur in direct displace­
ments involving backside attack due to the necessity of expanding the 
C-P-C bond angle. It is possible to argue that Si may also react through 
a similar mechanism, however, more data must be gathered before a firm 
conclusion can be reached.
The isomerization of asymmetrical Si species by various agents
has often been proposed to involve the formation of extracoordinate
species. Sommer first noticed the racemization of oC-naphthylphenyl-
11*methylsilyl fluorides by methanol , and explained the results in terras 
of either a square-pyramidal intermediate with methanol at the apex 
that would racentize upon loss of methanol or formation and pseudorotation 
of a trigonal bipyraraldal species.
Corriu later reported that racemization of the silyl chlorides and 
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He rationalized hia data in terms of formation of a neutral hexacoord- 
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Figure 1-3
Either species would be symmetrical and it would not be necessary to 
invoke pseudorotation to account for the isomerization.
In this work, 1,2-dimethylsilacyclopentane derivatives were pre­
pared in order to investigate more fully the role of ring strain in 
determining the stereochemistry of nucleophilic substitutions at Si and 
to elucidate further the mechanism of isomerization at Si. The silacy- 
clopentane ring system is not significantly strained in comparison to 
the silacyclobutanes and silaacenaphthene ring systems; however, a 
direct displacement with axial entering and leaving groups would place 
considerable strain on the system. One of the early postulates of 
organophosphorus stereochemistry was that four- as well as five-raembered 
rings could be expected to span an axial and an equatorial position in
stereochemistry for displacement and reduction reactions in four- and 
five-membered phosphorus rings. Nevertheless, there is a known example 
involving nucleophilic displacement on a phospholanium ion in which
inversion is observed • In this case, there is, presumably, an inter­
mediate with the ring bonds equatorial.
The 1,2-dimethylsilacyclopentane system should be useful in deter­
mining the amount of strain that is required to produce certain effects.
13,19 Retention is thus the normala trigonal bipyraraid intermediate
19
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An intemeUately strained ring of thin nature* which will allow stereo­
chemical studies* has not been previously prepared. Comparisons of the
reactions of this system with those of strained systems like the ones
7 8previously mentioned f and with unstrained systems such as those of 
Corriu20, Sommer3, and Sakurai^ should result in a clearer understanding 
of the effect of strain on the mechanism of reactions at Si.
The 1,2-dimethylsilacyclopentane system would also be useful in 
elucidating the mechanisms of solvent induced isomerizations at Si.
Second order rate dependence on solvent would give more credence to 
Gorriu's hexacoordinate Intermediate since more angle strain would be 
involved in the siliconium ion intermediate. Whereas first order depen­
dence on solvent would indicate either a square pyramidal transition 
state or a poeudorotation mechanism similar to those proposed by Sommer.
Pseudorotation has been demonstrated for SiPjT and RgSiF̂  systems by 
22NMR and it is possible that it may also be important in some mechanisms 
at Si.
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Chapter 2
As previously mentioned, the 1,2-dimethylsilacyclopentane derive-* , 
tives were chosen in order to study the effect of ring strain on the 
mechanisms of reactions at Si. This system seemed suitable since the 
relative positions of the methyl groups afforded the formation of geo­
metrical isomers. It was hoped that these isomers would be readily 
separable without resorting to the elaborate techniques employed with 
optical isomers. Since changes in stereochemistry at Si would result 
in interconversion of geometrical isomers which differ in spectral 
properties, methods other than measurements of optical rotation could 
be used to follow the reactions at Si. This system would, therefore, 
be easier to study than the systems of optical isomers that were inves­
tigated by many other workerâ ,̂ r20 •
The compound, 1,2-dimethylsilacyclopentane (l/p was prepared from 
the di-Orignard reagent of 1,4-dibromopentane and methyldichlorosilane 
(Equation 2-1). Comparable yields were obtained by mixing all of the 
reactants in one pot or by Initial formation of the Grignard reagent 
followed by addition to the chlorosilane. The ring closure reaction
+  CH3SiHC,2 ether  ^ C H 3
c h 3 h
Equation 2-1
resulted in an approximately 50:50 mixture of the Z and E isomers; 
however, careful spinning band distillation resulted in fractions of 
greater than 9 isomeric purity. The structures of isomers 1/ja and 
(Figure 2-1) were assigned from their proton chemical shifts in a 
manner analogous to that used for the silacyclobutane isomers. Methyl
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groups cift to one another are mutually shielding, while a methyl els to
( 8 4 . 0 1 )  (80.055) (80.13) (83.83)
Figure 2-1. The proton chemical shifts 
were measured in CGI, with benzene as 
an internal standard and are reported 
in ppm downfleld from IMS.
the SiH proton shields that proton, thus the isomer with ' 3i-Me and 
Si-H chemical shifts atSo.055 and 4*01, respectively, was assigned the 
Z (els) structure while the isomer with Si-Me and Si-H chemical shifts 
at So.13 and 3.83, respectively, was assigned the E (trans) structure.
The compound 1-chloro-l,2-dimethylsilacyclopentane (lgj was pre­
pared by the method described for compound 1̂  except that methyltri- 




The isomers could not be separated by spinning band distillation; 
however, free radical chlorination of isomers l̂ a and 1/jb, catalyzed 
by benzoyl peroxide (BPO) gave isomers lga and l£b stereospecifically 
(Equations 2-3 and 2-4). The free radical chlorination was greater 
than 95$ stereospecific as determined by NMR spectra of the product 
mixtures. Stereospecific chlorination involving silyl free radical
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8 23intermediates have been reported in several studies * and all of
( VcH, BPO C.Jif
A  * cc,< '
H CHS Cl CHj
Equation 2-3
c h 3
G ^ h,  — ° r p  —  C i \ c a
/ v  h 3 cc,« a  h ■
CH3 H CHg Cl
^  Equation 2-4 ^
these reactions have given retention of configuration or racemization. 
There have been no examples of stereospecific Inversion at a radical 
center. The NMR spectra of the silyl chloride isomers (Figure 2-2) 
agreed with the assignment of retention of configuration at Si for
Q ^ C H 3 (81.004) ^ \ i C H 3 (81.086)
ci" ̂ h , c A A i3
(80.377) (80.425)
ISA ISB
Figure 2-2. The proton chemical shifts were 
oaadurad in CC1,with benzene as an internal 
reference and are reported in ppm downfield 
from IMS.
reactions 2-3 and 2-4. The Si-Me and C2-Me groups of l£a are mutually 
shielding ami the chemical shifts are upfield relative to the chemical 
shifts noted for 15b.
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The compound, 1,2-diraethyl-l~fluorosilacyclopentane (jl6) was pre­
pared by stirring ZnFg with silyl chloride (lj>) 811(3 then distilling the 
silyl fluoride (16) from the reaction mixture (Equation 2-5).
CH3 +  ZnF2 — -  o -  CH3A  A
Cl ch3 f  ch3
jsl
Equation 2-5
The reaction of the silyl chloride with ZnF2 was not stereospecific.
When a 20*80 mixture of 15a and 15b was reacted with ZnF2* a 4Q»6i) 
mixture of l6a and was isolated. When the reaction was followed by 
NMR, rapid isomerization of the silyl chloride was observed with slower 
formation of the silyl fluoride. The silyl fluorides were, however, 
readily separable by spinning band distillation. Isomerization of an 
isomerically pure silyl fluoride by ZnF2 was not observed even after 
heating for several hours.
The isomerization of the silyl chloride by ZnF2 was probably caused 
by the presence of a small quantity of chloride ion giving an exchange 
reaction. As noted in the next chapter, only a very small quantity of 
chloride ion is required to cause rapid isomerization of the silyl 
chloride. Although no silyl fluoride formation was observed by NMR 
prior to isomeriaation of the silyl chloride, it is possible that a small 
amount of silyl fluoride formed with the subsequent loss of chloride 
ion. The lack of isomerization in the case of the silyl fluoride is 
probably due to the fact that fluorine is a poor leaving group when
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compared to chlorine. The fluorinê chlorine exchange reaction could
simply be slow, or if the fluorine exchange reaction occurred by an
SjjL-Si mechanism, retention of configuration would result and no isomer*
ization would be observed.
The silyl fluoride isomers l6a and Jj that were obtained by
spinning band distillation were assigned structures in the manner
19previously used for the silyl hydride isomers 1Zj§ and j7*b. F NMR 
spectra aided in confirming the assignment of the structures.
Figure 2-3, The proton chemical shifts were 
measured in CGI, with benzene as an internal 
standard and are reported in ppm downfield 
fro® MS. The chemical shifts were meas­
ured in CCI4 with OFCI3 as a standard and are 
reported upfield relative to CFCI3.
The lithium aluminum hydride (LAH) reduction of silyl chlorides
normally occurs with inversion of configuration̂ ; however, in ring-
7 8 10strained * or bicyclic systems , the reaction occurs by a retention
mechanism. In acyclic systems, the LAH reduction has usually been
considered to be a direct displacement of the Sj|2-Si type; however,
recent evidence in the related displacement of chloride by Grignard
reagents has bean interpreted in terms of the slow formation of a
5pentacoordinate intermediate. Either mechanism would require the sila- 
cyclopentane ring to span two equatorial positions in a trigonal bipyra- 
raidal intermediate, thus placing considerable strain on the ring system.
(8 0 .2 3 0 ) ( 169.227)( 163.008)
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The silacyclobutane ring system cannot easily span two equatorial pos­
itions and, therefore; reacts by a retention mechanism in which the 
intermediate is presumably a trigonal bipyramid with the ring spanning
is less strained than the silacyclobutane ring but has more strain than 
acyclic systems, it could presumably react by either a retention or 
inversion mechanism. The reaction stereochemistry of the LAH reduction 
of the silacyclopentane derivatives should prove useful in determining 
the amount of strain that is required to produce retention of config­
uration at Si.
Isomerically pure l-chloro-l,2~diraethylsilacyclopentane was pre­
pared by the free radical chlorination of one of the silyl hydride 
isomers as previously described in Equations 2-3 and 2-4* The silyl 
chloride was then reduced back to the hydride by reaction with LAH in 
ether to give the reaction stereochemistries noted in Equations 2-6 and
2-7.
an equatorial and an axial position. Since the silacyclopentane ring
Equation 2-6
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A8 can be seenf the overall reaction sequence occurs with inversion 
of configuration. Since, as noted earlier, the free radical chlorin­
ation occurs with retention of configuration! the LAH reduction must 
occur with inversion of configuration at Si. This observation allows 
one to conclude that the silacyclopentane ring is capable of spanning 
two equatorial positions in a trigonal bipyramldal transition state 
(Figure 2-4); however, it is impossible to conclude whether or not a 





Fluorine, however, is a poorer leaving group than chlorine for 
reactions at Si, and detection of an intermediate in the proceeding 
reaction should be easisr with fluorine as the leaving group. The 
pure isomers of 1,2-dimethyl-l-fluorosilacydopentane were isolated by 
spinning band distillation. Reduction of mixtures containing a 
preponderance of either silyl fluoride isomer by LAH in ether resulted 
in a 50*50 ratio of and (Equation 2-8). When the reaction 
was followed by NMR, the 50*50 mixture of 14a, and IJLJq was observed as 
soon as hydride formation was noted and the silyl fluoride isomeric 
ratio remained essentially unchanged during the course of the reaction. 
This indicates that the fluoride isomers are not isomerizing prior to
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reaction* In order to test whether the ailicon hydride was being
isomerized immediately upon formation, an extra amount of silyl hydride
that was predominately one isomer was added to the reaction mixture.
This excess hydride isomerized very slowly so that the initial formation
of a 50*50 hydride mixture could not be explained by the immediate
isomerization of the hydride. Presumably, the silyl hydride was
isomerized during the reduction of the silyl fluoride. Corriu had
previously reported the isolation 6f racanic silicon hydride from the
25LAH reduction of optically active silicon fluoride ; however; he did 
not propose a mechanism to account for the racemization. Several 
possible mechanisms could account for the formation of a 50:50 mixture 
of the hydride. One can imagine that the silicon fluoride reduction 
is occurring by competing retention and inversion pathways with 
fortuitously cancelling rates. This possibility does not seem likely 
since it would require the fortuitous identity of four rate constants. 
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basic conditions, it is unlikely that reversible ring opening could 
cause the loss of stereochemical integrity* It is much more reasonable 
to assume that the silicon fluoride is converted irreversibly into a 
reaction intermediate which loses its configuration. A three-coordinate 
silyl cation can be ruled out because of the strength of the Si-F bond, 
the configurational stability of lsomerically pure silicon fluoride in 
solution, and on other grounds as well^. Consequently, the inter­
mediate is presumably one with expanded coordination at Si. One 













would require two moles of hydride, and there have been recent indica­
tions that some processes at Si may involve two moles of a nucleophilic 
26 27reagent * . The relatively slow isomerization of silyl hydride by
LAH in ether would presumably proceed through an intermediate analogous 
to intermediate II shown in Equation 2-8. It is also possible that the 
formation of pentac&> iinate intermediate, I, followed by pseudorotation 
could account for the is xnerization observed.
It may be the case that relatively subtle factors determine reac­
tion pathways in organosilicon reactions. In reactions of silyl 
flUorides with diisobutylaluminum hydride, retention stereochemistry 
predominates in hexane as solvent while inversion is observed in ether 
solvent̂ . Even with lithium aluminum hydride, Sommer has previously
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reported a stereo specific reduction of cf-naphthylphenylraethyXfluorosi-
lane under conditions not obviously different from those employed in
25the proceeding study and by Corriu . The relationships between stereo­
chemistry and mechanisms of reactions at Si can, indeed, be quite 
complex, and further investigations are needed before definite conclu-r 
sions can be made.
Since the studies of the fluoride, chloride, and hydride derivatives 
of the silacyclopentane system proved so fruitful, it was decided to 
continue these investigations by preparing the silyl bromide and p-anisyl 
derivatives. The isomers of l-bromo-l,2-dlmethylsilacyclopentane were 
prepared by free radical bromination of 14a and ̂14b (Equations 2-9 and
r x & H z  r v ^
S i^ H  HCBrs ^  S A h
H CH3 BPO Br'
i4A im.
Equation 2-9
O r  , Q C
/  V  BPO /  \
CH3 H CH3 Br
I4B 1TBAAÂ -
Equation 2-10
2-10)• The NMR spectra aided in confirming the structural assignments 
(Figure 2-5).









Figure 2-5. Protdn chemical shifts were 
measured in CCI4 with INS as a standard, 
and are reported in ppm downfield from IMS.
The silyl bromide isomers, and j.%b, were also prepared stereo- 
specifically with retention by the reaction of bromine in CCl̂  with the 
appropriate isomers of the silicon hydride (Equation 2-11)•
r x ? ch 3 Br2 r > CH3
;sp H  — c i r ^  j C hA CH3 Br CH3
I4A I7A
/1A A A /  A / V W
Equation 2-11
Investigation of this reaction by Sommer3 indicated that retention of 
configuration occurs due to the formation of an intermediate bromonium 




the silacyclopentane system tends to confirm Sommer's proposal.
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The preparation of l̂ jg-anisyl) -1,2-dimethylsilacyclopentane (18) 
proved to be more difficult than was originally anticipated. Attempts 
to prepare the jg-anisyl derivative by addition of the p-anisyl Grignard 
reagent to silyl chloride, 1£, failed even with prolonged heating. The 
difficulty was not in the preparation of the jg-anisyl Grignard reagent 
but in the addition of the Grignard reagont to the silyl chloride. This
result was surprising since other workers had no trouble in preparing
28 29either the acyclic derivative or the silacyclobutane derivative •
Corriu reported, however, difficulty in reacting jo-anisylmagnesium
bromide with oc -naphthylphenylmethoxymenthoxyailBne and he noted
that the addition of tetrahydrofuran (THF) aided in the formation of
the anisyl derivative. Therefore, the reaction of p-anisylmagnesium
bromide and l-chloro-l,2-dimethylsilaeyclopentane was repeated with the
addition of THF after mixing of the reactants (Equation 2-12).
The reaction occurred when the THF was added; however, when the product
was isolated, an NMR spectrum showed that the E-isomer had formed almost
exclusively with only about 10$ of the Z-isomer in the product mixture.
Addition of bromine to the product mixture resulted in an 87:13 mixture
of rjb and J/fa respectively (Equation 2-13)• Cleavage of the anisyl
group from Si was the first reaction that was noted to proceed by in-
29version of configuration in the silacyclobutane ring system so




presumably it would also occur by an inversion pathway in the silacyclo- 
pentane system.
In order to study these reactions further, it was decided to
attempt to prepare an equimolar mixture of lga and l8b by other methods.
Since the reaction with the silyl chloride was so difficult, it was
hoped that reaction of jj-anisylmagnesium bromide with the silyl bromide
would occur easily without requiring the addition of THF and prolonged
heating. A reaction occurred immediately upon addition of l-bromo-1,2-
dimethylsilacyclopentane to the Grignard reagent of jg-bromoanisole in
ether; however, none of the desired product was observed in the reaction
mixture. About 50$ of the product mixture was a mixture of anisole and
1,2-dimethylsilacyclopentane. The other 50$ was an unidentified red
solid that appeared to be polymeric. The reduction of a silyl bromide
30in low yield by Mg has been previously reported ; and a silyl Grignard 
reagent was proposed to account for this reduction. Formation of a 
silyl Grignard reagent is probably also responsible for the reduction 
observed in the present reaction.
Since using a more reactive silyl halide did not result in the 
desired product, use of a more reactive £«anisyl reagent was the next 
choice. Addition of 1-chloro-l,2-d.imethylBilacyclopentane (15) to the
Met
I8A(90%) I8£(I0%) 1751(13%) I7B(87%)
Equation 2-13
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lithium reagent of jg-bromoanieole in ether resulted in an immediate 
reaction* A NMR spectrum of the product mixture indicated that both 
isomers of the p-anisyl derivative had formed in about a 50* 50 ratio 
(Equation 2-12*.). Addition of bromine in CCl̂  gave a 50*50 ratio of
CH
15




and The isomers of product 1^ were identified from their NMR
spectra (Figure 2-7). The stereochemistry of the anisyl cleavage by 
bromine as previously noted, and the predominant formation of the most 
stable product in reaction 2-12 also aided in assigning the structures 
of lg, and jgj,.




ISA 188AAMA2 A V W
Figure 2-7* The proton NMR spectra were run 
in CC1/,, with IMS as a standard and were meas­
ured in ppm downfield from IMS*
As previously observed, the difficulty in forming from silyl 
chloride and jo-anisylmagnesium bromide in ether was very unusual. Corriu 
added phenyl-jj-naphthylchlororaenthoxysilane to £-anisylmagnesium bromide 
in ether and observed immediate formation of product with inversion of
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28configuration at Si • Addition of 1-chloro-l,2-dimethyl silacyclobutane
to jg-anisylmagnesium bromide also resulted in immediate formation of the
anisyl derivative? however, the reaction proceeded with retention of 
29configuration. The silacyclopent&ne system has approximately the same 
or less steric hindrance than the other systems described so steric 
hindrance must be ruled out as the main cause of the unique behavior 
observed. It is, however, possible that degree of angle strain plays 
an important role since the major difference in these systems lies in 
the degree of angle strain at Si.
As observed earlier in the IAH reduction of the silyl chloride, 
the angle strain in the silacyclopentane system is not sufficient to 
require a retention pathway where the ring would span an axial and 
equatorial site in a trigonal bipyramidal transition state. It is, 
however, possible that the angle strain in an 3̂ 2-Si type transition 
state would be sufficient to cause a slow rate of attack by the entering 
nucleophile, and, therefore, a slower formation of the intermediate when 
the attacking species is bulky and a poorer nucleophile. The rapid 
reaction of the silyl chloride with IAH can be explained by the smaller 
size and greater nucleophilicity of the hydride ion, giving a more 
rapid formation of the 3̂ 2 type intermediate and thus a faster reaction, 
rhe addition of THF to the silyl chlorlde-g-anisylmagnesium bromide 
system caused the insoluble Grignard reagent to dissolve, thus providing 
a more reactive solution. The THF may have also aided in solvating 
the positively charged Mg,thereby increasing the nucleophilicity of the 
jo-anisyl group.
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The stereochemistry of the reaction can be explained by the
formation of a five-coordinate intermediate with sufficient lifetime
to undergo pseudorotations to give the less sterically hindered product.
As mentioned earlier, there is evidence that Grignard reactions that
occur by inversion of configuration proceed via the slow formation of
5a five-coordinate intermediate; Corriu observed that the rates of 
fluoride and chloride displacement by Several Grignard reagents were 
essentially equal and concluded that bond breaking occurred in a fast 
step proceeded by the slower formation of an intermediate. It is, 
therefore, possible for an intermediate of this type to account for 
the stereochemistry observed in the silacyclopentane system.
Another likely mechanism involves the isomerization of silyl 
chloride prior to reaction. Formation of the less sterically hindered 
isomer would occur if there were a large enough difference in the rates 
of formation of the two isomers and the silyl chloride isomerization 
were faster than the rate of formation of the more sterically hindered 
isomer. The fact that silyl chloride does not isomerize in ether but 
does isomerize slowly in THF lends credence to this mechanism. The 
isomerization of the silyl chloride in THF is, however, fairly slow.
When E-silyl chloride and THF are mixed in a 50:50 ratio, no isomerization 
is apparent after 2 hours; however, heating this mixture for about 6-8 
hours at 60° gives complete isomerization. Since the Grignard reaction 
refluxes for one day after addition of THF, it is possible that this 
mechanism is operative.
Both mechanisms require slow formation of Si-ani3yl bond.
Several observations indicate that the difficulties encountered in 
this reaction were caused by the entering rather than the
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leaving group. Substitution of the more reactive silyl bromide did 
not result in formation of the desired product; howevert use of the 
more nucleophilic lithium reagent resulted in product formation. These 
observations could be interpreted in terms of either of the proposed 
mechanisms.
There are also some points in each of the previously described 
mechanisms that are difficult to explain and must be investigated more 
fully before choosing between them. The mechanism involving initial 
lfleaav&sation by THF is based on the fact that isomerization by THF is 
fast compared to formation of the more sterically hindered isomer. It 
was noted earlier that isomerization by THF la fairly slow and unless 
the isomerization occurs faster under the reaction conditions or the 
formation of the more hindered isomer is extremely slow, reaction by 
this mechanism would not be likely. It is difficult to believe that 
the difference in reaction rates for the formation of the two isomers is 
very large since an equimolar mixture was formed fairly rapidly in the 
reaction with the lithium reagent. There is still the possibility 
that the isomerization of the silyl chloride occurs rapidly under the 
reaction conditions. As noted in the next chapter, several different 
agents can cause rapid isomerization of the chloride. Rapid isomeri­
zation of the chloride could possibly be detected by using isomerically 
pure silyl chloride as the starting material and isolating the un­
reacted silyl chloride before completion of the reaction.
In the mechanism involving pseudorotations of a five-coordinate 
intermediate, the slow loss of chloride ion is difficult to explain.
In the reduction of the silyl chloride by IAH, the inversion stereo­
chemistry indicates that Si-31 bond breaking must have been faster than
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pseudorotations and unless some type of electrophilic assistance to 
bond breaking was present in the reduction but not in the Grignard 
reaction, Si-Cl bond breaking for the Grignard reaction should have also 
been too rapid for pseudorotations to occur. Inversion of configur­
ation was also noted for the reaction of the silacyclopentane anisyl 
derivative with bromine. The anisyl group is a very good leaving group 
i_, this reaction since the proposed mechanism involves initial attack 
of the phenyl ring by bromonium ion (Equation 2-15) followed by dis-
occurred in the LAH reduction of the silyl fluoride. Fluoride is a 
poorer leaving group than chlorine in reactions at Si, but it is 
difficult to determine the type of leaving group required to produce 
an intermediate with a lifetime sufficient for pseudorotation to occur. 
Breaking of the Si-01 bond in the Grignard reaction may, for some 
reason, be slower than previously observed for the LAH reduction 
allowing sufficient time for isomerization.
It is also possible that the silse of the anisyl group caused 
pseudorotation to occur more rapidly. Immediately after attacking Si, 
the anisyl group would probably occupy an axial position in an Ŝ 2 
type intermediate. Since there is more steric hindrance in an axial 
position than in an equatorial position of a trigonal bipyraraid, it is 
possible that the large anisyl group would quickly pseudorotate to the
Br
Equation 2-15
placement of jg-bromoanisole by bromide' Isomerization, however
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less sterically hindered equatorial position before breaking of the Si- 
C1 bond could occur, thus causing isomerization of the final product. 
More data, however, is necessary before a definite conclusion can be 
reached. A study of the isomerization reactions at Si could aid in 
answering many of the questions posed in this study.





Magnesium turnings (45 g» 1.8 moles) and 600 ml. anhydrous ether 
were placed in a round-bottom flask. The magnesium turnings were act­
ivated by the addition of 2 ml. of 1,2-dibromoethane. A solution of 1,4- 
dibromopentane (100g, 0.44 moles) and 600 ml anhydrous ether was added 
dropwise (two phases formed), then the reaction mixture was refluxed 
for 2 hours. The Grignard reagent was added dropwise to a solution of 
methyldichlorosilane (50,7 g, 0.44 moles) and 300 ml of anhydrous ether. 
The reaction mixture was stirred with a mechanical stirrer overnight, 
and then poured into a separatory funnel containing 75 g ammonium chloride 
and 600 ml cold water. The solution was separated, dried over anhydrous 
MgSÔ , and distilled to yield 24.3 g (48$) of a 50:50 mixture of 14a 
and 14b. b.p. 112-112.5°. The Isomers were separated by spinning band 
distillation to give pure 14a and 14b: 14a- 100 MHz MR (CCl̂ , Ĝ Ĥ )
80.055 (d, 3H, J-3.5 Hz), 0.15-1.95 (m, 1QH), 1.035 (s), 4.01 (m, 1H);
IR (neat): 2890, 2800, 2100, 1450, 1410, 1360, 1240, 1140, 1080, 1060, 
1010, 980, 930, 880, 838, 810, 790, 728, 685 cm"1. 14b- 100 MHz NMR
(CC14,C6H6) SO.13 (d, 3H, J-3.5 Hz), 0.2-2.0 (m, 1QH), 1.07 (a), 3.83 
(m, 1H); IR (neat): 2830, 2740, 2090, 1460, 1420, 1380, 1260, 1160,
1100, 1070, 1040, 1020, 994, 940, 891, 873, 840, 810, 770, 723 cm"1.
Mass Spectrum (m/e, rel. intensity) 114(26), 87(ll), 86(100), 85(17), 
72(47), 71(28), 59(26), 45(27), 44(24), 43(29). Anal, calculated for 
C^^Si: C, 63.07* H* 12.35? Si, 24.58. Found: C, 62.98; H, 12.35; Si, 
24.74.
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Preparation of l-chloro~l. 2-dimethylsilacrclopsntane
Magnesium turnings (45 g, 1.8 moles) and 500 ml anhydrous ether 
were placed in a round-bottomed flask. After activating the magnesium 
with 3 ml of 1,2-dibromoethane, a solution of 1y4~dibromopentane (102 gy 
0.44 mole)f methyltrichlorosilane (66 gy 0.44 mole) and 700 ml of anhy­
drous ether were added dropwise. The reaction mixture was refluxed for 
2 days and then filtered under nitrogen. The resulting solution was 
distilled to remove the ether. The residue was vacuum distilled to 
yield 36 g (55$) of a 45*55 mixture of l̂ a and l̂ b, b.p. 95-96° (142 mm). 
NMR (CCl̂ , C6H6)* 8 0.4 (s), 0.42 (s)y 1.05 (s)y 2.7-2.0 (m), Mass 
Spectntp: (m/e, rel. intensity) 148(69), 122(84), 121(27), 120(40), 
118(31), 117(56), 116(85), 115(100), 97(26), 95(23), 94(40), 93(56), 
81(26), 80(36), 79(70), 76(91), 65(26), 63(55), 43(27), 41(24).
Analysis calculated for C^H^SICI* C, 46*46$ H, 8.81; Si, 18.89.
Found* C, 46.50$ H, 8.78$ Si, 18.97.
Preparation of 1.2-dlmethyl-l-fluoroBilacyclopantane
A 45*55 mixture of cis and trans-l-chloro-1.2-dlmethylsilacyclo- 
pentane (40.23 g, 0.27 mole) and ZnF2 (27.81 g, 0.27 mole) were placed 
in a round-bottomed flask equipped with a distillation head and a 
nitrogen inlet. The solution was stirred for 15 min and then distilled. 
Zinc fluoride, ZnF2, (8*3 g, 0.08 mole) was added and the reaction 
mixture wa3 distilled to yield 28 g (79$) of a 40*60 mixture of l6a 
and l6b, b.p. 110-111°. The isomers were separated by spinning band 
distillation.- 16a- 100 MHia MR (CCl̂ , C6H6): 8 0.207 (d, 3H, J-7.6 Hz), 
0.3-2.02 (ra, 10H), 0.962 (d, J-1.5 Hz)$ 19F MR (CCl̂ , CFC13)8 163.
008 (m). 16b- 100 MHz MR (CCl^ C ^ ) : 80.23 (d, 3H, J-7.6 Hz), 
0.34-2.02 (m, 10H), 1.105 (d, J-7 Hz)$ 19F NMR (CCl̂ ,iCFClj) 8 169.227
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(septet). Mass Spectrum (m/e, rel. intensity). 132(51)» 104(99), 103(14), 
91(22), 90(46), 89(100), 77(31), 76(31), 63(48), 62(49), 47(48), 32(A4), 
28(99). Anal, calcd. for C^SiF: 0 , 54*40; H, 9*95; Si, 21.24. Found* 
C, 54.40; H, 9.95; Si, 21.40.
A 20:80 mixture of l£a and 15b (0.38 g, 0.0026 mole) and ZnFg (0.154, 
0.001 mole) were placed in a vial and heated at 78° C for 50 min. An 
NMR spectrum of the product mixture indicated that the chloride had 
completely Isomerized but no product had formed. After heating for a 
total of 4 hr, an NMR spectrum showed that fluorosllane had formed in 
an equilibrium mixture (55s45 ratio of E to Z isomers).
A 20*80 mixture of l6a and 16b (0.115 g, 0.0011 mole) and ZnF2 
(0.18 g, 0.0014 mole) were placed in an MR tube. The NMR tube was 
placed in an oil bath and held at 80°C for 3 hr. An NMR spectrum taken 
the following day showed no apparent isomerization.
Chlorination of 1.2-dimothslsilaeycIopentana
A 29:71 mixture of 14a and 14b (5*86 g, 0.05 mole) was placed in 
a round-bottomed flask containing benzoyl peroxide (0.1 g, 0.0005 mole) 
and 15 ml dry CCl̂ . The flask was equipped with a magnetic stirrer, a 
reflux condenser, and a nitrogen inlet system. The reaction mixture 
was heated in an oil bath held at 82° for 1.5 hr. Most of the CCl̂  was 
then removed by distillation.. The residue was vacuum distilled to yield 
7.62 g (54.6$) of a 30*70 mixture of 15a and 15b. b.p. 65° (44mm).
15a- 100 MHz NMR (CCl̂ , C ^ ) : 8 0.377 (s»3H), 0.4-2.04 (m, 10H>, 1.004 
(a). 15b- 100 MHz NMR (CCl^C^): 8 0.425 («, 3H), 0.54-2.05 (m, 10H), 
1.086 (d, J«6.8 Hz).
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Reduction of 1-chloro-l.2~dlmethyl8ilaeyclopent&ne
A 30:70 mixture of Ijja and 15b (0.38 g, 0.0026 mole), lithium 
aluminum hydride (0.03025 g, 0.0008 mole), and 2 ml dry ether were 
placed in a vial equipped with a sept&n. A GLPC trace was obtained 
immediately after mixing. GLPC analysis (16' x l/8" column, 15$
Apiezon L on 60-80 mesh Chromosorb W{ 115° isothermal) showed that two 
products had formed with retention times (mln) of 2.82 (33*8$) and 3.44 
(66.2$). By GC-MS analysis and comparison of the retention times to 
pure 14a and 14b (3*40 and 2.76 respectively), the products were 
identified as 14b and 14a respectively.
A 78:24 mixture of 15a and 15b was treated in the previous manner.
A GLPC trace showed that the two products had formed. A comparison of 
retention times indicated that 14a And 14b had formed in a ratio of 
24.1:75*9 respectively. GLPC traces obtained after allowing the reaction 
mixture to sit showed that the silicon hydride slowly isomerized.- After 
1 day the isomerization was complete.
Reduction of 1.2-dlraethyl~l-fluoroBllacyclopentane
A 95:5 mixture of l6a and 16b (0.27 g, 0.002 mole), lithium aluminum 
hydride (0.03 g, 0.0008 mole), and 2 ml anhydrous ether were placed in 
vial equipped with a septum. The reaction mixture was immediately ana­
lyzed by GLPC (l6» x 1/8" column of 15$ Apiezon L on 60-80 mesh Chromo­
sorb Wj 115° isothermal)• Three peaks were observed with retention 
times of 2.44 (38.95$), 2.74 (34*33$), and 3*38 (26.72$), and GC-MS 
analysis and a comparison of retention times showed that the peaks 
could be assigned to unreacted starting material, 14b. and l̂ a respect-
*The retention times were measured from the ether signal.
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ively. A 44*56 ratio of 14a to 14b was observed.
The proceeding reaction was repeated using 30*70, 50*50, and 77*23 
ratios of l6a to l6b. GLPC analyses of the reaction mixtures gave 14a 
to 14b ratios of 47*53, 45*55, and 49*51 respectively.
The reduction of the fluoroBilane was repeated using the procedure 
previously described except 0.15 ml of a 80*20 mixture of 14a and 14b 
was added to the reaction mixture. A GLPC analysis of the reaction 
mixture showed a 67*33 mixture of 14a and 14b had formed. The products 
slowly isomerized, giving a Z*E ratio of 52*40 after about 1 day. After 
obtaining the GLPC trace, nitrogen was bubbled through the sample to 
remove most of the ether and the remaining solution was dissolved in 
CCl̂ . An NMB spectrum Indicated that the unreacted starting material 
had not isomerized.
Free Radical Bromlnation of l«2-dimethylailacyclopentane
trans~l,2-Dimethylsilacyclopentane, 14b (0.102 g, 0.0009 mole) and 
0.5 ml Br̂ CH were placed in an NMR tube with some benzoyl peroxide. The 
reaction mixture was heated to 80° for 10 rain. An NMR showed exclusive 
formation of trans-l“bromo~l,2-dimethylsilacyclopentane, 17b. NMR (CCl̂ , 
TMS)i 8 0.66 (s, 3H), 0.8-2.0 (m), 1.04 (broad doublet). The proceeding 
reaction was repeated using a mixture of hydrides that was predominately 
cis. An NMR showed formation of a mixture of bromides that was predom­
inately cis. NMR (CC1̂ ,1MS)* 80.62 (s, 3H), 0.7-2.0 (in), 1.0? (broad 
doublet)•
Preparation of 1-bromo-l.2-dimethylsilacyclopentane from 1.2-dimethyl- 
silacyelopentane
l,2-Dimethyl3ilacyclopentane, 1/* (12 g, 0.11 moles) and 25 ml CCl̂
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were placed In a round bottomed flask. Bromine (16.89 g, 0.11 moles) 
and 20 ml CCl̂  were added slowly to the reaction mixture which was 
cooled in an ice bath. The CCl̂  was removed by vacuum distillation.
The residue was vacuum distilled to yield 13.66 g (6?%) of the desired 
product, b.p. 63-64° (15 mm). 100 MHz NMR (CCl̂ , C6H6): S  0.54 (s, 3H), 
0.58 (s, 3H), 0.7-2.1 (m, 20H), 0.9 (d, J»7Hz), 1.12 (d, 7Hz); Mass 
spectrum m/e (rel intensity) 194(41), 192(41), 166(100), 164(100), 152 
(37), 151(44), 150(37), 149(37), 138(26), 136(26), 125(55), 124(39), 
123(56), 122(37), 109(34), 107(31), 97(28), 85(29), 58(27), 4l(2l).
Anal, calcd. for C^H^SiBr: C, 37.31; H, 6.78; Si, 14.54. Found* C,
37.26; H, 6.72; Si, 14.56.
trans-1,2-Dimethylsilacyclopentane (0*44 g, 0.0004 mole) and 0.3 
ml CCl̂  were placed in an NMR tube and 0.3 ml of 3M Br/CCl̂  was added.
An NMR taken immediately after addition of the bromine showed that a 
92:8 mixture of transxcls 1-bromo-l,2-dimethyleilacyclopentane had 
formed. This reaction was repeated using a mixture of 1,2-dimethyl­
silacyclopentane s in which the cis isomer predominated. An NMR taken 
immediately after addition of the bromine showed a mixture of 1-bromo-
1.2-dimethylsilacyclopentanes in which the cis isomer predominated.
Preparation of cis-l-(p-anisole)-1.2-dimethylailacyclopantane
Magnesium turnings (lOg, 0.4 mole) and 300 ml ether were placed in 
a round bottomed flask. The Mg was activated by the addition of 1 ml
1.2-dibromoethane. p-Bromoanisole (43g, 0*23 mole) in 150 ml ether was 
added dropwise. The reaction mixture was stirred for 1 hr after addition 
was complete. The Grignard reagent was added to 1-chloro-l,2-dimethyl­
silacyclopentane (29g, 0.2 mole) in 150 ml ether. The reaction mixture
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ms heated for approximately 18 hr then 200 ml THF ms added and the 
solution ms heated overnight. The reaction was then hydrolysed with 
an aqueous solution of NĤ Cl, the ether ms removed, and the residue 
was vacuum distilled to give lAg (31$) of a product mixture that corn- , 
tained greater than 90$ of 18a, b.p. 96° (0.9mm). NMR(CCl̂ )* S 0.23 
(s, 3H), 1.08 (s), 0.7-2.1 (m, 10H), 3.74 (s, 3H), 6.7-6.9 (d, 2H), 
7.28-7.53 (d, 2H).
Preparation of l-(p-anieole)-1.2-dimethvlsilacyclopentane from the 
Lithium reagent
Lithium wire (l.4g» 0.2 mole) and 160 ml ether were placed in a 
round-bottomed flask. A solution of jg-bromoanisole (18.8 g, 0.1 mole) 
and 60 ml ether ms added slowly. After addition ms complete, the 
lithium reagent ms filtered into a round-bottomed flask. 1-Chloro-
1,2-dimethylsilacyclopentane (lOg, 0.07 mole) and 50 ml ether ms added 
slowly. The reaction mixture was hydrolyzed with an aqueous solution 
of NĤ Cl. The ether was removed with a rotary evaporator. The residue 
was vacuum distilled to give 9g (6l$) of the desired product, b.p. 86- 
87° (0.25 mm). NMR (CCl̂ ): 8 0.25 (s, 3H), 0.32 (s, 3H), 0.5-2.1 (ra,
2QH), 0.82(a), 1.05 (s), 3.65 (s, 6H), 6.0-7.82 (m, AH), 7.2-7.A2 (m,
AH); IR(neat): 2950, 2880, 1600, 1580, 1500, 1460* 1310, 1280, 1250,
1180, 1120, 1090, 1040, 1020, 826, 812 , 782, 763, 742 cm"*1; Mass Spec** 
trum m/e (rel intensity); 220(3), 205(2), 164(2), 151(5), 150(3), 135(3), 
112(2), 108(2), 97(3), 59(11), 58(100), 57(9), 55(3), 53(3), 45(3), 44 
(22), 43(98), 42(51), 41(17), 39(27), 38(15), 37(13), 36(3). Anal, 
calcd.for C13H20Si0: C, 70.85; H, 9.15; Si, 12.75. Found* C, 70.59;
H, 8.98; Si, 13.01.
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Addition of Bromine to !->( p-Hanlaole)~l .2-41methylsilacyclQDontana
The l-(g-anisole)-1,2-diraethylsilacyclopentane (0.07l6g, 0.0003 mole) 
that was prepared from the lithium reagent was placed in an NMR tube
with 0.1 ml CCl̂ . Bromine (0.2 ml of a 1M solution in CCl̂ ) was added.
An NMR taken immediately after addition showed a 50:50 mixture of dis­
and trana-l-bromo-1,2-dimethylsilacyclopentane •
E_-l~(£-enisyl)-lf2-dimethylsilacyclopentane, 18a (0.14g, 0.0006 mole) 
that was prepared from the Grignard reagent was placed in an M4R tube
with 0.2 ml CCl̂ . Bromine (0.4 ml of a IM solution in CCl̂ ) was added.
An NMR taken immediately after addition showed an 8?:13 ratio of trana- 
to cis-l-bromo-l,2-dimethylsilacyclopentane after 86$ conversion of the 
.Urttag material. HMPT (0.3 ml of a 1 x loSl eolutlon la 001̂ ) ... 
added to the reaction mixture to give a 50:50 mixture of bromides.
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Chapter 3
Since all of the solvent induced Isomerizations of asymmetric 
silanes have been proposed to occur through the formation of extra­
coordinate species, a study of the isomerizations of silacyclopentane 
derivatives would hopefully aid in explaining the mechanisms of the 
isomerizations that occurred in some of the reactions presented in the 
proceeding chapter. Investigations of the silacyclopentane isomeri­
zations would also be helpful in determining the mechanism of isomeri­
zation at Si since an intermediately strained ring system has not been
previously studied. Different reaction kinetics were observed for
15 29Corriu*s acyclic system and the silacyclobutane system 7; therefore
the silacyclopentane system would aid in determining the degree of
angle strain needed to produce a certain mechanism.
The rates of the isomerization of E-l-chloro-1,2-dimethylsila- 
cyclopentane (l£a) by various concentrations of HMPf (Equation 3-1) 
were obtained by measuring the isomerization of the E-isomer with time 
(see Experimental Section for detailed explanation)• The rate of
r\x»z /~UchjSi-"X. HMPT Nsi-V.
' Vl,
• s r \ H .. X  nh
Cl CH3 Cl
•5A I5B,M W  /VWVT
Equation 3-1
isomerization of the E-isomer was measured by the repeated integration 
of the Si-Me peaks of l£a and l£b in the NMR spectrum at definite time
32intervals. The observed rate constant kQbB is given by Equation 3-2•
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•d*/dt ■ kob= [MPtfftSiOlF
Equation 3-2
Since HMPT is present in only catalytic amounts and remains constant
during the course of the isomerization, kQbs can be obtained from
Equation 3-3 where Aq is the original concentration of the E-isomer,
A is the concentration at equilibrium, and A is the concentration at 6
A straight line plot was obtained when the proceeding graph was 
plotted for the isomerization of by HMPT, thus indicating that the 
isomerization has a first order dependence on chlorosilane.
Since the isomerization of is an equilibrium reaction, kQbs 
equals the sum of the forward and reverse rate constants. The forward 
rate constant, kf, can be calculated from the value of kQbg and the 
equilibrium concentrations of the E and Z isomers. The dependence on 
HMPT of the isomerization was obtained by measuring the rate of isomer­
ization of l£a at several different HMPT concentrations. Since the 
overall concentration of silyl chloride remained constant, the order in 
HMPT could be obtained from Equation 3-4, whore x is the order in HMPT..
time t. A plot of In (AQ-A.0)/(A-Ae) versus t has a slope equal to kQb8.
Equation 3-3
kf  -  kl «  [HMPT]X
Equation 3-4
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A graph of log kf versus [HMPT] gave a 1.5 order dependence on HMPT. 
Since this order is not a whole number, the mechanism could not be as 
simple as had been previously thought. The simplest mechanisms in­
volving a fractional order in HMPT would be one with pathways that have 
a first and seeomd order dependence on IMPTj thus, the.equation for 
would Include a first and a second'order term (Equation 3-5).
kf - kg [HMPT] + k^HMPT]2
Equation 3-5
From this equation, it is obvious that a straight line graph 
should be obtained from a plot of k̂ /[HMPT] versus [HMPT]. When the 
kf values from the Isomerization of by HMPT were plotted in this 
manner, a straight line was obtained, thus, the rate equation for this 
isomerization can be described by Equation 3-6. The values of Io> and
-dE/dt « k2[S10l][HMPT] + k̂ [SiCl][HMPT]2
Equation 3-6
lCj were obtained from the intercept and slope of the proceeding graph 
giving values of 0.014 if̂ Sec1 and 28.82 ff2sec1 respectively. The 
isomerization of the silyl chloride can, therefore, occur by two differ­
ent pathways as illustrated in Equation 3-7* The formation of inter­
mediate I can either be followed by pseudorotations to give isomerization
or by addition of another molecule of HMPT to give structure III or IV
15as proposed by Corriu for the isomerization of the acyclic system.
The activation parameters, E ,AH*, and AS^ were obtained in thecl
usual manner from the equation, k «* A exp[-4Sa/RT], by plotting In k̂
-3versus l/T. The rate of isomerization of l£a by $ x 10 M HMPT in CCl̂
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was measured at various temperatures to give the values of kf used In 
the graph (see experimental section for further details). The values 
of Eft, AH*, and AS* for the isomerization of JJgp by HMPT are 6.15 kcal/ 
mole, 5*54 kcal/mole, and -55 cal/mole°K, respectively. In Table 3-1 
these values are compared to those reported for other systems. As can
R A h* (  kcal/mole) A s*(cal/m ole°K)
Q - . 5.54 -54 .9
Cl ch3






( OMent)( p-MeOPh) -1—NpSiCI 0.5 -62
a see Reference 29 
k see Reference 15
Table 3-1
be seen from Table 3-1» the values for silacyclopentane lie in between
those for the silacyclobutane and acyclic systems. In general, AH* is
seen to increase with angle strain, whileAS* decreases with increasing
angle strain. Comparisons of this type may not be valid since somewhat
different mechanisms were proposed for the acyclic and silacyclobutane 
15 29systems ' ; however, it is possible that some Information may be
gained in this manner.
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A comparison of the rates of Isomerization of various oilyl 
chlorides by HMPT gave the order* silacyclobutane > sllacyclopentane> 
acyclic* At 1 x 10“%  HMPT in CCl̂  the ailacyclobutane isomerization 
is 150 times faster than the eilacyclopentane isomerization} however, 
since the apparent order of the ailacyclobutane isomerization changes 
with HMPT concentration, the relative values of kf may differ at other 
HMPT concentrations. Corriu used much larger HMPT concentrations to 
measure the rates of isomerization in his systems than were used in 
either the ailacyclobutane or the silacyclopentane systems. His 
isomerizations must, therefore, occur at a much slower rate than those 
observed for the cyclic systems. This difference in rate must be at 
least partially due to steric hindrance since Corriu's systems are much 
more sterically hindered than the other systems studied.
The mechanisms of both the acyclic and silacyclobutane systems
involve the addition of 2 moles of HMPT before isomerization occurs.
The difference in these mechanisms lies in the fact that the acyclic
system obeys third order kinetics throughout the range it was studied;
while the silacyclobutane system shows third order kinetics at low
concentrations of HMPT and second order kinetics at higher concentrations
of HMPT. In the silacyclobutane system, there is a change in the rate
determining step such that attack by the first HMPT molecule is rate
determining at higher HMPT concentrations, while addition of the second
29molecule of HMPT is slower for low HMPT concentrations. The mechanism 
of the silacyclopentane system differs from both the acyclic and sila­
cyclobutane systems since a large portion of the isomerization occurs 
through an intermediate containing Just one molecule of HMPT. This 
seems to indicate that the trigonal bipyramidal intermediates of the
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silacyclopentane system are unusually stable allowing the triple turn-
33stile rotation^ shown in Equation 3-Q* It is, however, difficult to
1 'h m p t (t r )' \  ISi -—Cl J U  . . J ŜI— Me"RtaPT*̂ i
HMPT




believe that intermediates I-IV are particularly stable. Intermediates 
I and IV involve angle strain since the normal C-Si-C angle is expanded 
to 120°. The structures of II and III are also energetically unfavor­
able due to compression of the C-Si-C angle and the placement of the 
more electronegative substituents in the equatorial positions. Inves­
tigations in phosphorus chemistry have indicated that electronegative 
substituents tend to occupy the axial positions in a trigonal bipyramidal
intermediate and energy is required to force them into an equatorial
13 17 18position. ’ Since all of the structures of intermediates I-IV are 
energetically unfavorable, it is possible that the behavior of the sila­
cyclopentane system is due to extremely rapid pseudorotations between 
structures that are approximately equivalent in energy rather than an 
unusual stability of the trigonal bipyramidal structure. This possibi­
lity is not unlikely since rapid pseudorotations were observed for the
SiFj anion where all of the possible trigonal bipyramidal structures 
27are equivalent. 1 Rapid pseudorotations would not be readily observed
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in the silacyclobutane system since intermediates II and III would be 
much more energetically favorable than the other structures involved* 
Intermediates I and IV would be much more favorable for the acyclic 
system, so here again rapid pseudorotation would not be likely to occur* 
The observation of first order rate dependence on HMPT can therefore 
be explained by rapid pseudorotation of structure I (Figure 3-3) fol­
lowed by loss of HMPT to give the more stable tetrahedral structure of 
the product before attack by a second molecule of HMPT can occur. This 
mechanism could also account for the higher value of AH* observed for 
the silacyclopentane isomerization as compared to the values obtained 
for the acyclic systems (Table 3-1), since more energy would be required 
to form intermediate I (Equation 3-3) than would be required to form 
the analogous acyclic intermediate.
Bapid pseudorotation could also possibly account for the isomer- 
izations observed in the LAH reduction of silyl fluoride, l6, and in 
the Grignard formation of anisyl derivative, 18. Attack of the entering 
group in these nucleophilic displacements would give a structure anal­
ogous to intermediate I (Figure 3-8). If bond breaking did not immed­
iately occur, pseudorotations could cause isomerization. The mechanisms 
of the nucleophilic displacements that occurred with inversion (Chapter 
2) possibly involve a transition state with nearly simultaneous bond 
breaking and making rather than the actual formation of an intermediate.
The mechanism of the third order pathway for the isomerization of 
lfia is probably similar to the mechanism proposed by Corriu for the 
racemization of the acyclic system. This pathway could involve formation 
of either intermediate III or IV as illustrated in Equation 3-7. In 
order to determine which intermediate was more likely, l-bromo-l,2-di-
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methylsilacyclobutar*es'and 1-chloro-l, 2-dim ethyl silacj'clopent ane were 
mixed to see if halide-halide exchange would occur in the presence of
exchange occurred; however, no exchange was noted in the presence of 
CCl̂  alone. This exchange indicates that ionization of the Si-halide 
bond does occur in at least one of the systems involved; however, 
exchange may be caused by nucleophilic displacement in the other system 
(Equation 3-9)•
It was decided to continue the investigation of the isomerization 
of the silacyclopentane system by studying other isomerizing agents 
and other silacyclopentane derivatives. The silyl chloride isomer, 
is isomerized by several compounds other than HMPT. Tetraallcylammonium 
salts give rapid isomerization of the silicon chloride derivative. The 
isomerization by relatively small amounts of n-Bû NF, n-Pr̂ NCl, 0r n-Bû NBr 
was so fast that the Si-Me peaks of isomers 1|§ and JL£b coalesced to 
one peak in NMR spectra. The rate of isomerization of silyl chloride 
by 2.6 x ICT’̂M Q-Bû NBr in CCl̂  was measured and found to occur at a 
rate 10̂  times faster than that observed for the HMPT isomerization.
This isomerization was also about 100 times faster than that observed 
for the isomerization of l-chloro-l,2-dimethylsilacyclobutane by rj-Bû NBr.
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HMPT. With the addition of 5 x 10“̂  HMPT in CCl̂ , rapid halide-halide




R3Six' + X~ R3 S1X ♦ x'~
Equation 3-9
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The rapidity of this isomerization is in part due to the greater nucleo- 
philicity of halide ion as compared to HMPT. The halide ion being more 
nucleophilic would attack the Si faster, giving faster formation of the 
intermediate. In the isomerization of halide ion, there is also the 
possibility of a direct displacement reaction involving an Sft2 type 
intermediate. A direct displacement of halide ion by halide ion would 
result in inversion of configuration at Si, thereby giving a rapid 
rate of Isomerization. Addition of pyridine or DMSO in CCl̂  also gave 
rapid isomerization of the chloride; however, some sort of reaction 
must have occurred in both of these cases since the solution became 
cloudy after the addition of these compounds. Sulfolane and fHF gave 
slower Isomerlzations and heating was required to speed up the isomer­
ization.
The rate of isomerization of the 1,2-dimethyl-l-fluorosilacyclo- 
pentane (16) could not be accurately measured since the Si-Me peaks of 
isomers 3^ and j6ĵ were too close in the NMR spectrum for accurate 
integration; however, the relative rates of isomerization by various 
agents could be observed by the change in the Si-Me peak heights. The 
isomerization of silyl fluoride by HMPT occurred much slower than the 
corresponding isomerization of the silyl chloride. A 5 x 10~3m solution 
of HMPT in CCl̂  gave no apparent isomerization of the silyl fluoride 
after four days as compared to almost complete isomerization of the 
silyl chloride in 15 minutes. Larger concentrations of HMPT, did, how­
ever, cause isomerization of the silyl fluoride. A 3s7 molar ratio of 
HMPT to silyl fluoride caused about half of the silyl fluoride to isom- 
erize in about 2 days.
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All of the alkylammonium salts tested (F~, Cl“, Br~) gave rapid 
isomerization of the silyl chloride; however, an equivalent quantity of 
fl-Bû NP gave much slower isomerization of silyl fluoride and with 
n-Pr̂ NGl, no apparent isomerization of the silyl fluoride was observed 
unless very large quantities of the salt were used. Rapid isomerization 
of the silyl fluoride occurs if it is dissdlved in pure methanol; how­
ever, a 3:1 ratio of methanol to silyl fluoride in CCl̂  is not completely 
isomerized after 2 days. This implies that there is a large order in 
methanol for this isomerization. Sommer observed about third order
qidependence on methanol for the isomerization of his acyclic fluoride.
The mechanism he proposed involved addition of one mole of methanol to 
give a five-coordinate intermediate which caused isomerization and the 
other molecules of methanol were used to solvate this intermediate. A 
similar mechanism is probably operative in the silacyclopentane system. 
Other solvents also caused isomerization of the silyl fluoride. A Is 1 
mixture of DMF to silyl fluoride gave isomerization of half of the 
silyl fluoride in less than 2 hours> however, complete isomerization 
never did occur, indicating that some sort of reaction of the DMF must 
have occurred. The addition of DMSO gave very slow isomerization of 
the fluoride with only partial isomerization after 3 days.
The silyl hydride was much more difficult to isomerize than 
the previously studied halides. No isomerization of 1,2-dimethylsila- 
cyclopentane by n-Bû NF was noted after 6 days. The silacyclobutane 
hydride was isomerized rapidly by cyanide ion in DMF, and the isomer­
ization became extremely rapid if a small amount of water was added to
2Qthe DMF. The silacyclopentane derivative isomerized much more slowly 
under similar conditions giving only partial isomerization after one
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day as compared to complete isomerization of the silacyclobutane system 
in less than 10 minutes. This difference in rates is probably due to 
the slower formation of the silacyclopentane intermediate as observed 
with the isomerization of the silyl chloride by KMPT.
The nature of the silacyclopentane derivative seemed to be the 
major factor determining the ease of isomerization at Si. The order 
of increasing ease of isomerization is H<F<Cl<Br. Isomerization of 
the silyl bromide derivative began as soon as it was formed stereo- 
selectively, making it difficult to Isolate an isomerically pure 
product, whereas isomerization of the hydride occurred only when the 
extremely nucleophilic cyanide ion was added. The order noted for the 
ease of isomerization follows the order of increasing leaving group 
ability. This fact could partially account for the large differences 
in rate between the silyl chloride and fluoride since a good leaving 
group could give formation of a siliconium ion like intermediate III 
in Figure 3-7. If the siliconium ion actually accounts for the third 
order isomerization of silyl chloride by HMPT, a slower rate for the 
silyl fluoride would be expected since this mechanism is not likely to 
occur for the silyl fluoride and hydride.
Another factor in determining the ease of isomerization of the 
silacyclopentane derivatives is the nucleophilicity of the solvent.
The silyl chloride was rapidly isomerized by the fluoride, chloride, 
and bromide alkylammonium salts, while with the silyl fluoride, only 
the fluoride salt gave a moderate rate of isomerization, and the silyl 
hydride was not even isomerized by the fluoride salt. The rate of 
isomerization must then deptad, to some extent, on the rate of formation 
of the pentacoordinate intermediate. This fact could explain the
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difference in reactivity between silyl fluoride and hydride, since 
fluoride is more electron withdrawing than hydride and would therefore 
make the Si more electropositive and thus more susceptible to 
nucleophilic attack.




E-l~Chloro-l, 2-dimethyl silacyclopentane was prepared stereo spec­
ifically from 1,2-dimethyl silacyclopentane as previously described. 
Solutions of 1.81M cis-l-chloro-1.2-dimethylsilacvclopentane in CCl̂ j 
HMPT of varying concentrations in CCl̂  and 5.2 x 10~̂ M n-Bû NBr in 
CCl̂  were prepared.
In a typical run, 0.5 ml of the cis-l-chloro-1,2-dimethylsilacy- 
clopentane solution was placed in an NMR tube. The NMR tube was placed 
in the cavity of the A6QA NMR Spectrometer for about 5 min. to allow 
the solution to thermally equilibrate. The temperature of the NMR 
cavity was determined by using the chemical shifts of ethylene glycol 
or methanol as standards. After equilibration, a 0.5 ml aliquot of the 
isotnerizing agent was added. The rate of isomerization of the silyl 
chloride was followed by integrating the Si-Me peaks of the E and Z 
chlorides at definite time intervals. The peaks were integrated by 
using a 100 Hz sweep width and a 100 sec sweep time.
The rate of the isomerization is given by the following equation 
where k ̂  is the observed rate constant, [HMPT] and [SiCl] are the 
concentrations of HMPT and silyl chloride, and x and y are the orders 
in HMPT and silyl chloride respectively.
-dE/dt - k r [HMPT]X[SlCl,]y 
Since the HMPT acts as a catalyst and its concentration remains constant 
during a single rate determination the isomerization can be expressed 
by the following equation.
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The rate expression for this equilibrium is given by the equation
-<lA/dt - kQb8 [SlOlf
32The following equation may be derived̂  from the preceeding rate 
equation.
_ U 6 - Ae) „ k t „ (k + k ) tIn 71— “T T  oos f r'
In this equation Aq equals the initial concentration of l£gy Aq is the
concentration at equilibrium, A is the concentration at time t, and
k- and k are the rate constants of the forward and reverse reactions, f r
The observed rate constant, kobs» can, therefore, be obtained from the 
slope of a graph of In j(Ao~ Aq)/(A - Ae)Jjrersus t. Plots of this type 
gave straight lines indicating that the isomerization was, indeed, first 
order in chlorosllane as had been originally assumed. Since this is an 
equilibrium, kQbg - kf + kf and kfAQ » krBe, thus the forward rate 
constant, k̂ , can be calculated from the equation kQbg ■ kf(l + Ag/Be).
The order in HMPT was obtained by measuring the rate of isomeri­
zation of l£a at several different HMPT concentrations. Due to the 
manner in which kQbg was obtained, kf can be expressed by the following 
equation.
kf - ki«£HMPT]X
A plot of log kf versus [HMPT] will, therefore, have a slope equal to 
x.
Since an order of 1.5 was obtained from the preceeding graph 
(Figure A-7), kf could include a first and second order term giving 
the following equation.
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kf - kg[HMPT] + kj[HMPT]2 
A graph of kf/tHMPT] versus [HMPT] should give a straight line if the 
preceeding equation is correct for this isomerization. When this 
graph was plotted (Figure A-8), a straight line resulted, and the 
values of kg (0.0143 M ieô ) and (28.61 M'sec* ) were obtained from 
the intercept and slope of the line*
The activation parameters were obtained in the usual manner from 
the equation, k - A exp (-Ê /RT), by plotting In kf versus l/T (Figure 
A-17). The slope of the line is equal to the value *-Ea/k. The value 
AH* can be calculated from the equation AH* » E - RT, andAS* can
cl
be calculated from the value for the intercept. The values of kf used 
in the plot were obtained by measuring the rate of isomerization of a 
solution containing 0.5 ml of 1 x 10“Sl HMPT in CCl̂  and 0.5 ml of 
1.81M silyl chloride in CGl̂  at various temperatures. See Appendix for 
the actual data and graphs obtained in the preceeding study.
1. DMSO-d̂ - cis-l-Chloro-l,2-dira0thylsilacyclopentane (0.5 ml of a 
1.72M solution in CCl̂ ) and DMSO-d̂  (0.03 g) wore placed in an NMR tube. 
The solution turned cloudy and a strong odor was noticeable immediately 
after addition. An NMR taken within 10 rain of mixing showed complete 
isomerization (i.e. a Z*E ratio of 53.3*46.2).
2. Sulfolane- ds-l-Chloro-l,2-dimethylsilacyclopentane (0.5 ml of a
0.35M solution in CCl̂ ) and 0.05 g sulfolane were placed in an NMR tube. 
NMR spectra showed slight isomerization after 2 hr and complete isomer­
ization after 2 days.
3. ifc-Bû NF- cis-l-0hloro-l,2-dimethylsilacyclopentane (0.076g, 0.0005M)
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and 0.20 ml of a 0.3M solution of n-Bû NF in CDCl̂  were placed in an 
NMR tube. An NMR taken immediately after mixing showed one peak in 
the Si-Me region. The peak was located between the cis-and trans- 
silyl chloride bands.
4* n-Pr̂ NCl- cis-l-Chloro-l,2-dimethylsilacyclopentane (0.082g, 0.00055 
M) and n-Pr̂ NCl (0.0106gf 0.00005M) were dissolved in 0.5 ml CDCl̂ . An 
NMR taken immediately after mixing showed one peak in the Si-Me region. 
The peak was located between those for the cis-and trans-silyl chloride 
Si-Me peaks.
5. Pyridine- Equivalent amounts of cls-l-chloro-1,2-dimethylsilacyclo- 
pentane and pyridine were dissolved in CCl̂  and placed in an NMR tube.
A white fluffy solid was observed immediately after mixing. An NMR 
spectrum showed that the chlorosilane had completely isomerized.
6. THF- Approximately equal amounts of cis-l-chloro-l,2-dimethylsila­
cyclopentane and THF were placed in an NMR tube and heated at 60°C.
An NMR spectrum showed complete isomerization after about 8 hours.
7• CCl̂ - No isomerization was apparent for a 1.8m solution of oia-1- 
chloro-1,2-dimethylsilacyclopentane in CCl̂  after approximately 3 
months.
Halide Exchange
1. 1-CM.oro-l,2-dimethylsilacyclobutane (0.0928 g, 0.0007M), 1,2-di- 
raethylsilacyclopentane (0.102 g, 0.0007M), and jj-Bû NF (0.002 g, 7 x 
10“̂ ) were dissolved in CDCl̂ . An NMR spectrum showed no apparent 
change after 2 days. l-Chloro-l,2-dlmethylsilacyclobutane (0.06 g,
4*4 x 10“̂ M), 1,2-dimethyl-1-fluorosilacyclopentane (O.lg, 7*9 x 10“̂ M), 
and j$-8û NF (0.6l4g, 2.3 x 10“̂ M) were dissolved in 0.5 ml CDCl̂ . An
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NMR spectrum showed slow formation of l-fluoro~l ,2-dlraethyleilacyclo- 
butane and 1-chloro-l, 2-<ilmethyl8ilaayclopentane.
2. 1-Bromo-l, 2-dimethylsilacyclobutane (0.085g, 0.0005M) and 1-chloro-
1.2-dimothylsilacyclopentane (0.093g» 0.0006m) were dissolved in 0.5 ml 
CDCl̂ . After 5 days, a small amount of 1-chloro-l,2-dimethylsllacyclo- 
pentane and 1-bromo-l,2-dimethyl silacyclobutane had formed.
3. 1-Bromo-l,2-dlmethylsilacyclobutane (O.lg, 0.0006m) and l-chloro-
1.2-dimethylsilacyclopentane (O.OfJg, 0.0005M) were dissolved in 0.5 ml 
of a 1 x 10~*M HMPT in CCl̂  solution. An NMR taken immediately after 
mixing showed formation of 1-chloro-l,2-dimethylsilacyclobutane and 
1-bromo-l,2-dimethylsilacyclopentane•
A* 1-Bromo-l,2-dimethylsilacyclobutane (0.07g, O.OOO/4M) and 1-chloro-
1.2-dimethyl silacyclopentane (0.09g, 0.0006m) were dissolved in 0.5 ml 
CCl̂ . After 5 days, no isomerization could be observed by NMR.
5. l-Bromo-l,2-dimethylsilacyclobutane, 1-chloro-l,2-dimethylsilacyclo- 
pentane, and q -B u^NF were mixed in a molar ratio of 350*330*1. The 
mixture was dissolved in CDGl̂ . An NMR spectrum immediately after 
mixing showed the formation of 1-chloro-l,2-dimethylsilacyclobutane 
and 1-bromo-l,2-dimethylsilacyclopentane•
Isomerization of 1.2-dimethyl-l-fluorosilacyclopentane
1. HMPT- cis—1.2-Dimethyl-l-fluorosilacyclopentane (0.5 ml of a 0.7M 
solution in CCl̂ ) and 0.5 ml of a 1 x 10”̂ M HMPT solution were placed 
in an NMR tube. No apparent isomerization was observed by NMR after A 
days. HMPT and trana-1,2-dimethyl-l-fluorosilacyclopentane were mixed 
in a molar ratio of 3*7 and dissolved in CC1̂ « The isomerization was 
followed by NMR by comparing the heights of the Si-Me peaks.
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2. DM SO- ola-l,2-Dimethyl silacyclopentane (0.5 ml of a 0.7M solution 
in CCl̂ ) and DMSO-d̂  (0*037^ were placed in an NMR tube. No apparent 
isomerization was noted by NMR after 4 days.
3. n-Bû NF- cis-1,2-Bimethyl-l-fluorosilacyclopentane (0.063g, 0.0005M) 
and 0.3 ml of a 0.1M solution of rj-Bû NF in CDCl̂  were placed in an
NMR tube. An NMR spectrum showed that the fluorosilane began to 
isomerize after 15 minutes, but isomerization was not complete after 
one day.
4. n-Pr̂ NCl- cis-l,2-Dimethyl--l-fluorosilacyclopentane (0.093g» 0.0007 
M) and n-Pr̂ NCl (0.0098g, 4*4 x 10”̂ M) were dissolved in 0.5 ml CDCl̂ .
No apparent isomerization was visible by NMR after 5 days. Large quan­
tities of the salt gave slow isomerization.
5* 1,2-Dimethyl-l-fluorosilacyclopentane was dissolved in GĤ OD. An 
NMR spectrum showed immediate isomerization.
6. IMF- Equivalent molar quantities of DMF and trana-1,2-dlmethyl-l- 
fluorosilacyclopentane were dissolved in CCl̂ . The isomerization was 













7. DMSO-d6- 1,2-Wmetĥ -l-n.uorosilacyolopentano end MSO-d6 «ere 







8. Methanol- 1,2-Ebnethyl-1-flnorosilacyclopentane and methanol were 
mixed in a molar ratio of 3*1 and dissolved in CCl̂ . The isomerization 






Isomerization of SiH by n-Bû NF in CDCl̂
A 91:9 mixture of cis- hydride and trans- hydride (0.l6g, 1.2 x 
10~̂ M), n-Bû NF (0.02645gf 1 x 10~̂ M), and 0.8 ml CDCl̂  were placed in 
a reaction vial. An NMR spectrum of the mixture was taken 6 days later.
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No Isomerization was detected.
Isomerization of 1.2~dimethylsilacyclopentane by Cyanide ion
A solution of cyanide ion in DMF was prepared by shaking excess 
KCN with a 95$ DMF/HgO solution and then allowing the solution to stand 
over excess KCN for several days. Benzene (5 microliters, internal 
standard) and 2$ microliters trans-l,2~dimethylsilacyclopentane were 
added to 0.5 ml of the DMF/KCN solution. The reaction was followed by 
GIPC (3' x 1/8” column of 10$ QF-1 joined to a 16* x l/8" column of 
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APPENDIX
The Kinetics of the Isomerization of 
E-l-Chloro-1,2-dimethylsilacyclopentane
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Table A-l. Isomerization of E-l-Ghloro-1,2-dimethylsilacyclopentanea
(15a) by 1 x loSl HMPT in CC1. at 45°C. [Run l].
M i|M/ #•{»
Time(hr) Relative Area'3 Tlme(hr) Relative Area
15a 12b 11a 15b
3.58 19 146 26.78 39 158
18 151 38 153
18 152 37 151
6.00 20 160 29.37 35 149
21 157 35 149
19 156 34 152
9.68 22 161 32.12 43 148
20 152 40 150
20 155 40 150
11.25 21 149 46.32 50 142
20 150 49 134
22 150 50 136
21.10 34 148 52.83 49 139
33 152 49 139
34 147 50 137
90.9m in CC1.
b *From NMR
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Table A-2. Isomerization of E-l-Chloro-1,2-dlraethylsilacyclopentanea
by 1 x 1(T*M HMPr in CC1. at 45°C 4 • [Run 2].
rime(hr) uRelative Area Tlme(hr) Relative Area3
15a 15b l£a 15b
wmmrnmm
3.65 19 149 26.83 37 151
18 150 36 153
18 1*4 36 153
5.95 18 165 33 155
20 153 29.42 37 154
19 160 39 149
9.67 18 147 39 150
21 141 32.15 46 152
20 157 44 152
20 148 45 158
11.30 22 156 43 153
22 150 46.25 51 135
22 154 54 142
21.33 31 165 52 136
32 187 52.75 59 132
32 170 53 134
32 175 55 134
®0.9M in CClj 
F̂rora NMR




































Table A—3 • Isomerization of E-l-<jhloro*-l, 2-dimethylsilacyclopentanea
(15a) by 2..5 x 10“* HMPT in CCl̂  at 45 C.
Time(hr) Relative Area** Time(hr) Relative Areab
15a 15b 15am m m m m 15b
3.73 21 139 11.38 38 119
22 136 36 117
21 141 34 123
6.85 27 138 21.15 60 117
30 142 6l 121
24 141 60 119
24 149 26.73 69 117
3.73 33 135 70 112
33 130 67 115
33 137 29.30 74 113
33 132 75 114
9.82 36 127 76 116
35 128
36 131
a0.9M in CC14 
bFrom NMR





Figure A-2. Graph of ln(A0-Ae)/(A-Ae) vs. time for the
Isomerization of £-l-Chloro-l,2-dimethylstlacyclopentane 
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Table A-4» The Isomerization of E-l~Ghloro-l,2-dimethylsilacyclopen-
tana* (15a) by 5 x 10'S, HMPT to CGl^ at 45°0. [Ran l].
Time(sec) Relative Area

















®0.9M in CGI. 
bFrom NMR
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Table A~5. Isomerization of E-Ghloro-1,2-dimethylailacyclopentanea
(lga) by 5 x lO'ht HMPT in CCl^ at 45°C. [Runs 2 and 3].







Relative Area TimeChr) Relative Area
15a m l£a l£b
27 117 1.08 27 182
30 124 29 198
36 160 28 184
36 155 27 186
54 141 3.28 33 142
49 148 35 136
53 147 32 141
51 111 5.83 47 125
51 111 48 127
48 111 48 127
53 109 7.00 51 127
55 103 52 127
54 108 51 124
67 123 7.90 54 127
68 116 53 125








a0.9M in CC14 
hpran NMR
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Figure A-3* Graph of ln(AQ-Ae)/(A-Ae) vs* time for the Isomer-* 
ization of E-l-Chloro-1,2-dimethylailacyclopentana by 5 x l(rV 
HMPT in CCl̂  at 45° (Run 2).
i 0.7
TIME (hr)
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Table A-6. The Isomerization of E-l-Chloro-lf2-dimethyloilacyclopen-





























a0.9M in CC1.h *+From NMR
Time(see) Relative Area
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Table A-7. The Isomerization of E-l-Chloro-1 ,2-dimethylsilacyclopen-








































a0.9M in CC1. 
bFrom NMR
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Table A~8. Isomerization of E-l-Chloro-1,2-dimethylsilacyclopentane8
(l*m) by 2 x 10“%  HMPT in CCl^ at 45°C. [Run 3].
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a0.9M in CCl̂ . 
bFrom NMR
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Table A-9. Isomerization of E-l-{3hloro-l,2-dimethylsilaeyclopentanea
(15a) by 2 x 10_3M HMPT in CCl^ at 45°C. [Run 4].
Time(min) Relative Areab Time(min) Relative Area*3
15a
mmnmmm 12> 12a 15b
4 21 156 27 45 146
4.5 20 158 27.5 42 143
5 22 154 29 47 140
6 22 152 30.5 47 146
7.5 25 154 32 46 144
9 26 148 33.5 43 135
10 2? 155 36 49 134
11.5 30 l6l 37.5 51 137
13 31 155 39 52 135
14.5 34 152 41 54 129
16 34 157 42 57 133
18 37 146 43.5 55 133
18.5 37 14# 45 57 131
20 41 143 46.5 56 136
21.5 39 153 43 57 130
23 40 150 49 57 128
25.5 41 144 50.5 60 132
®0.9M in CCl̂  
^rom NMR

















Figure A-4-. Graph of ln(Aô Ae)/(A-Ae) vs time for the Isomerization of S-l-Chloro-1,2-dimethyl- 
silacyclopentane by 2 x lCT̂ M HMPP in CCl̂  at 45° (Run 2).
< 0.6
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Table A-10. Rate of Isomerization of E^l-Chloro-l,2«dimethylsilacyclo-»
pentane® (15a) by 3 x lCf̂ i HMPT in CCl^ at 45°C. [Run l].
Time(see)
i.
Relative Area Time(see) HRelative Area
15a 15b 12s 12b
180 29 180 1160 67 154
210 29 184 1250 68 152
250 30 175 1300 70 157
380 35 176 1350 74 152
430 40 169 1400 72 154
490 42 164 1500 79 150
540 44 176 1550 76 149
700 48 166 1600 78 154
750 51 164 1700 85 148
800 54 160 1750 85 143
850 55 154 1850 83 141
950 57 158 1900 85 138
1000 6l 162 1950 90 146
1050 62 152 2000 86 145
®0.9M in CGl̂  
Vrom NMR
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Table A-ll. The Isomerization of E-l-Chloro-1,2-dimethylsilacyclopen-








































a0.9M in CCl̂  
bFrom NMR















































Table A-12. The Isomerization of E-l~Chloro~l,2-dimethylsilacyclopen
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Figure A~6. Graph of ln(A -A )/(A-Aa) vs time for the Isomeri-
zation of 2-1-Chloro-l, 2-dimethylsilacyclopentane by 5 x 10"hM
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Table A-13. Rate Constants derived from Data in Tables A-l through A-12.
Table Thmpt]
lxlO“̂ M(Run 1)
kobsx10’ 000-1 . * ,̂ 6 -1 k»xl0 ,sec r
A-l 2.8 + 0.3 1.5 + 0.2 0.986
A-2 lxlO*"̂ M(Run 2) 3.7 + 0.3 1.8 + 0.2 0.989
A-3 2.5x10"^ 11.6 + 0*4 6.2 + 0.2 0.998
A-4 5xl0”Z,M(Run l) A3 + 2 23 ± 1 0.987
A-5 5xlO~̂ M(Run 2) 24 + 2 13+1 0.996
A-5 5xlO~̂ M(Run 3) 29+4 16+2 0.983
A-6 2xlO_3M(Run l) 222 + 8 119 + 4 0.991
A-7 2xlO~̂ M(Run 2) 280 + 10 149 + 6 0.992
A-8 2xlO”3M(Run 3) 230 + 10 125 + 6 0.993
A-9 2xlO“3M(Run 4) 227 + 8 122 + 5 0.994
A-10 3xlO"\(Run 1) 530 + 20 290 + 10 0.995
A-ll 3xlO~̂ M(Run 2) 510 + 30 270 + 10 0.991
A-12 5xlO“̂ l(Run 1) 1580 + 60 850 + 20 0.996
A-12 5xlO~\(Run 2) 1490 + 70 800 + 40 0.993
Table A-13a. Dependence of Isomerization of 15a on HMPT as derived 
from Graph of log k̂  versus [HMPT]. Figure A-7.
Slope (dependence on fHMPTl) **
1.6 + 0.1 0.998
Table A-13b. Values of k2 and k̂  as derived from Graph of log kf/[HMPT] 
vs [HMPT]. Figure A-S.
Slope (K3» M^sec1) Intercept (k2, M ŝec*) r 
29 + 1 0.014 + 0.001 0.994
*k « 1.1645
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Table A-14. Isomerization of E-l-0hlaro-lf2-dimethylailacyclopentanea
(15a) by 5 x 10”V hmpT in CC1. at 277°K.
rime(min) Relative Areab Time(min) uRelative Area
15a 15bW M M 15a 15b
3.5 33 160 19 59 129
4 35 156 20 59 131
7 39 148 21 60 132
8 41 144 22 60 131
9 42 143 23 65 127
10 42 142 24 6l 126
13 43 142 25 64 131
14 51 142 26 6? 135
16 53 137 28 65 124
17 53 131 30 68 126
18 53 133
a0.9M in CCl̂  
bProm NMR
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Table A-15. Isomerization of E-l-Chloro-l,2-dimethylsilacyclopantanea
(15a) by 5 x 10”%  HMPT in CC1. at 287°fc.
Time(min) Relative Areab Timetmin) Relative Areab
12* 15b 15a 15b
2 31 168 12 53 143
2.5 31 163 13 54 139
3 32 159 14 61 133
3.67 35 154 16 59 135
5.33 38 149 17 65 135
6 39 152 18 65 133
7 40 152 19 65 131
8 42 149 20 68 128
9 44 143 22 67 129
10 50 141 23 69 126
11 51 140 24 73 125
a0.9M in CCl̂  
bFrom NMR
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Figure A-10* Graph of ln(A -A )/(A-A ) va. time for the Isomerization
of S-l-Ghloro-lt2-dimethylailacyclopentane by 5 x 10“t 1 HMPT in CCl^
at 287°K.
8 10 12 14 18 18 20 22 24 26
TIME(min)
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Table A-l6. Isomerization of E-l-Chloro-lf2-dimethylsllacyclopentanea 
(15a) by 5 x 10“̂  HMPT in CC1, at 296°K.IWW A*
Time(min) Relative Area*3 Time(mln) Relative Area*3
15a 15b 15a lib
2.33 30 135 10.83 57 117
2.83 32 132 11.67 56 112
3.33 33 134 12.50 58 110
4.00 37 134 13.33 60 11C
4.67 39 137 14.17 59 110
5.50 42 126 15.00 63 109
6.17 45 126 15.83 67 108
6.83 48 123 16.67 68 109
7.50 49 127 17.50 68 106
8.33 50 118 18.50 67 105
9.17 53 118 19.50 68 101
10.00 54 116 20.50 71 100
a0.9M in CC1,
h ^from NMR
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Table A-17. Isomerization of E-l-Chloro~l,2-diraethylsilacyclopentane
(lja) by 5 x 10T* HMPT in CC1.4 at 308°K.




170 33 144 550 55 105
200 34 147 600 55 118
230 35 139 800 67 114
270 39 137 850 75 112
310 43 135 900 77 113
350 44 128 950 81 112
400 47 132 1000 78 107
450 47 124 1050 84 106
500 52 127
®0.9M in CC14 
bFrom NMR
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Table A-IS. Isomerization of E-l-Chloro-1,2-dimethylsilacyclopentanea
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Table A-19. Isomerization of E-l-Chloro-1,2-dimethylflilacyclopentane
(l£a) by 5. x 10”% HMPT in CC14 at 318%.
Time(sec) Relative Area Time(sec)
w
Relative Area
15a ±2> l£a 15b<n Kw
150 37 138 550 64 107
190 40 135 6l0 69 107
230 42 130 O' vn O 71 104
270 49 123 700 74 104
310 48 124 740 76 104
350 54 124 770 73 101
410 56 115 800 76 100
450 56 110 830 77 96
500 60 111
a0.9M in CCl̂  
kproni NMH
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Figure A-14- Graph of ln(Ao-Ae)/(A-A0) vs. time for the Isomerization
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Table A-20. Isomerization of E-l-Chloro-1,2-dimethylsilacyclopentanea
(l!5a) by 5 x 1 0 ^  HMPT in CCl^ at 323°K.
Run 1 Run 2
Time(sec) Relative Areab Time(sec) Relative Area*5
15aMlfelM 15b 15b
105 31 158 190 50 145
140 36 149 2.30 56 134
200 45 145 270 57 134
oCM 54 139 300 59 137
280 58 140 340 68 131
320 57 128 410 70 126
360 59 130 450 76 123
400 60 124 490 78 119
440 65 112 530 84 121
470 68 122 560 82 123
520 75 117 630 85 115
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Figure A-15. Graph of ln(A0-Ae)/(A-Ae) vs. time for the Isom­
erization of E-l-Chloro-l,2~diniethylsilacyx:lopentane by 5 x 10 
M HMPT in CCl̂  at 323°K (Run 2).
,”3
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TIME (sec.)
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Tablft A-21. Isomerization of E-l-Chloro-1,2-dimethylsilacyclopentanea
iifcf By 5 x iO~̂ i HMPT in GCÎ  at 328°K.
Run 1 Run 2
UmLs&l Relative Area Timet sec) Relative Area*3
1& 15bM M H 2£a 15bM M M
120 38 143 90 40 146
150 40 149 130 43 149
180 43 137 170 51 154
220 49 129 230 57 135
250 53 130 2?0 60, 132
290 56 126 311 66 128
330 59 121 350 68 125
360 63 127 400 73 128
400 67 115 440 77 117
430 67 116 480 76 111
470 66 109 540 81 109
510 73 107 570 85 112
550 74 104 630 92 114
580 79 102 660 89 106
620 80 102
670 82 100
®0.9M in CC1. 
bFrom NMR
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Table A-22. Rate Constanta for the Isomerization of 15a by HMPT as
derived from the data in Tables A-14 to A-21.
Table Temperature k, .xlÔ .sec""1 lcLxlÔ .sec-1 r
A-14 277°K
' WO
4.3 ± 0.3 2.3 + 0.2 0.987
A-15 287 6.1 + 0.3 3.3 ± 0.2 0.992
A-l6 296 9*4 + 0.4 5.1 + 0.2 0.996
A-17 308 14*2 + 0.9 7.6 + 0.5 0.991
A-18 313 14.4 ± 0.7 7.7 + 0.4 0.994
A-19 318 17.8 + 0.7 9*6 + 0*4 0.996
A-20(Run l) 323 2 1 + 1 11.3 + 0.5 0.992
A-20(Run 2) 323 22 + 1 11.8 + 0.5 0.988
A-21(Run l) 328 2 5 + 1 13.3 ± 0.5 0.994
A-21(Run 2) 328 25 ± 1 13.2 + 0.5 0.997
Table A-22a. Activation Parameters for the Isomerization of 15a byMAM
HMPT as derived from the Graph of In k̂  vs l/T. Figure A-17*
Ea (kcal/mole) AH* (kcal/mole) AS*(cal/mole°K) V
6.15 ± 0.07 5.54 ± 0.07 -55.0+ o.5 0.997
k - 1.1645© q
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Table A-̂ 3. Isomerization of E-l- Ghioro-1,2-dimethylsilacycIopentane1
(15a) by 2.6 x 10~T! n-Bu. NBr *** 4 in CCl̂  at* 45°C.Run 1 Run 2
Time(mln) Relative Area Time(min) RelativeArea*3
15a l£b 15a lib
0.17 20 146 1.75 29 126
0.83 24 132 2.08 40 148
1.75 28 123 2.50 44 146
2.67 42 153 3.00 50 140
3.17 44 155 3.50 55 145
3.50 48 149 3.83 54 142
4.00 47 140 4.25 59 139
4.83 57 134 4.67 63 135
5.25 58 134 5.08 63 134
5.75 6l 132 5.58 66 123
6.42 63 136 6.00 71 126
7.00 66 133 6.42 74 126
7.42 68 127 6.75 77 127
8.00 69 122 8.00 80 125
8.50 70 123 8.50 78 119
8.92 72 122 9.00 80 121
9.75 76 118 9.83 83 116
10.17 75 120
Table A-23a. Rate Constants for the Isomerization of l£& by jjBû NBr 
as derived from the Data in Table A-23.
Run kobBXlo3< sec"1) kfxlÔ ( aoc"1) r
± 1#76 ± 0.08 0.95 ± 0.04 0.995
2 2.2 + 0.2 1.1 + 0.1 0.989
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